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PREFACE. 
 oOo----
T h i s  work was commenced d u r in g  t h e  t e n u r e  o f  a  C a rn e g ie  
R e s e a r c h  S c h o l a r s h i p  t o  w hich  I  was a p p o i n t e d  i n  t h e  y e a r s  
19%2-19%8 and 1 9 2 3 -1 9 S 4 , and  was c a r r i e d  o u t  i n  t h e  I n s t i t u t e  
o f  P h y s io lo g y  a t  t h e  U n i v e r s i t y  o f  G lasgow .
I  w ish  t o  e x p r e s s  my th a n k s  t o  P r o f e s s o r  Hoftl P a to n  f o r  
p e r m i t t i n g  me t o  exam ine t h e  t h y r o i d  g la n d s  o f  t h e  dogs u s e d  
by  him  i n  h i s  e x p e r im e n ts  on r i c k e t s ,  and a l s o  f o r  h i s  v e r y  
k i n d l y  e n co u rag em en t th r o u g h o u t  t h e  w ork . To Dr Norman 
C ru ic k s h a n k s  I  am i n d e b t e d  f o r  p e r m is s i o n  t o  r e f e r  t o  t h e  
r e c o r d s  o f  t h e  P a t h o l o g i c a l  D e p a r tm e n t  o f  t h e  Glasgow M a te r n i t y  
H o s p i t a l *  I  w ish  t o  ack n o w led g e  t h e  k in d n e s s  o f  M e ss rs  P a r k e ,  
D a v is  & C o . ,  who g ave  me a  s u p p ly  o f  t h e i r  p r o d u c t  "M etagen* .
The photographs have been prepared by Mr John B ell of 
th e  I n s t i t u t e  of Physiology. I am g re a t ly  indebted  to  him 
fo r  th e  care  which he took in  t h e i r  p roduction .
I .  THE THYROID GLAND IN THE FULL-TIIÆE HUMAN FOETUS 
AND IN THE ÎW/LY BORN INFANT.
I n t r o d u c t i o n .
V a r io u s  d e s c r i p t i o n s  have  b e e n  g iv e n  o f  t h e  a p p e a r a n c e  o f  
t h e  t h y r o i d  g l a n d  o f  t h e  human s u b j e c t  a b o u t  t h e  t im e  o f  
b i r t h #  The m a j o r i t y  o f  w o rk e rs  h av e  r e c o r d e d  a c o n d i t i o n  v e r y  
d i f f e r e n t  f ro m  t h a t  s e e n  i n  th e  n o rm a l  a d u l t  g l a n d ,  and  s e v e r a l  
h av e  ad v a n c e d  h y p o th e s e s  t o  e x p l a i n  i t #
I t  w ould  seem t h a t  t y p i c a l  c o l l o i d  a p p e a r s  a t  some p e r i o d  
o f  i n t r a - u t e r i n e  l i f e ,  M u l le r  (16) d e s c r i b e d  i t  i n  f o e t u s  
o f  5 m o n th s ,  E lk e s  (6) i n  f o e t u s  from  t o  6% m o n th s ,
L i v i n i  (12) i n  em bryos o f  62 -  66 M in , ,  w h i l e  Perem eschko  
(17) an d  B o e c h a t  (1) fo u n d  i t  p r e s e n t  i n  o l d e r  embryos#
W ô lfe r  (19) h o w e v e r ,  was o f  t h e  o p in io n  t h a t  c o l l o i d  f o r m a t io n  
d i d  n o t  commence u n t i l  t h e  end o f  f o e t a l  l i f e  o r  e v e n  t i l l  
a f t e r  b i r t h .  T r e a t i n g  t h i s  i n v e s t i g a t i o n  from  t h e  c h e m ic a l  
s t a n d p o i n t  M arine  (13) s t a t e s  t h a t  t h e  i o d i n e  c o n t e n t  o f  th e  
t h y r o i d  i n c r e a s e s  w i t h  t h e  i n c r e a s i n g  age  o f  t h e  f o e t u s .
P e n g e r  ( 7 ,8 )  exam ined  t h e  i o d i n e  c o n t e n t  o f  a  l a r g e  s e r i e s  o f  
f o e t a l  c a t t l e ,  p i g s ,  sh e e p  and  m an, and came t o  t h e  same 
c o n c l u s i o n .
Im m e d ia te ly  a f t e r  b i r t h ,  a c c o r d in g  t o  some o b s e r v e r s ,  a  
v e r y  s t r i k i n g  change i n  t h e  h i s t o l o g i c a l  a p p e a ra n c e  o f  t h e  
t h y r o i d /
t h y r o i d  o c c u r s ,  Z i e l i n s k a  (20) fo u n d  s o l i d  c o l l e c t i o n s  o f  
c e l l s  f i l l i n g  t h e  v e s i c l e s  w i th o u t  an y  s i g n  o f  c o l l o i d ,  E lk e s  
g ave  a  s i m i l a r  d e s c r i p t i o n ,  and  e m p h a s is e d  t h e  d i f f e r e n c e  
b e tw e e n  t h e  f o e t a l  g l a n d ,  and  t h a t  o f  t h e  n e w l y - b o m ,
Meroz-Tydman (15) ex am in ed  a  s e r i e s  o f  t h y r o i d s  f ro m  s t i l l ­
b o r n  and  n ew ly  b o r n  c h i l d r e n  and  fo u n d  t h a t  i n  b o th  some g la n d s  
w ere  made u p  o f  e l o n g a t e d  o r  ro u n d e d  h e a p s  o f  e p i t h e l i a l  c e l l s  
c l o s e l y  p r e s s e d  t o g e t h e r ,  w h i l e  o t h e r s  showed v e s i c l e s  w i t h  
d e s q u a m a t in g  c e l l s  and  no c o l l o i d ,  o t h e r s  a g a i n  w ere composed o f  
a lm o s t  norm al l o o k in g  v e s i c l e s  c o n t a i n i n g  a  l i t t l e  c o l l o i d ,  i n  
w h ic h ,  h o w ev e r ,  w ere so  many v a c u o l e s  t h a t  i t  had  th e  
a p p e a r a n c e  o f  a  t h i n  n e tw o r k ,  H e s s e lb e r g  (10) c o n s i d e r e d  
t h a t  t h e  n o rm a l  a p p e a ra n c e  o f  t h e  t h y r o i d  a t  l e a s t  d u r i n g  th e  
f i r s t  week o f  l i f e  i s  one o f  em pty v e s i c l e s  and  d e s q u a m a t in g  
c e l l s ,
M aurer ( 1 4 ) ,  on t h e  o t h e r  h a n d ,  fou n d  t h a t  a f t e r  b i r t h  
c o l l o i d  i s  so m etim es  p r e s e n t ,  E l k e s  drew h i s  c o n c l u s io n  
t h a t  t h e  t h y r o i d  a t  t h i s  age  i s  c o l l o i d - f r e e ,  from  t h e  e x a m in a t io n  
o f  a  s e r i e s  o f  t h y r o i d s  from  n e w ly -b o rn  c h i l d r e n .  T h e re  was 
one e x c e p t i o n ,  h o w ev er ,  w h ic h  showed w e l l  d i f f e r e n t i a t e d  v e s i c l e s  
f i l l e d  w i t h  c o l l o i d .  G a m i e r  (9) fo u n d  no g r e a t  d i f f e r e n c e  
b e tw e e n  t h e  t h y r o i d  o f  t h e  n e w ly -b o rn  and t h a t  o f  th e  f u l l - t i m e  
f o e t u s ,  H e s s e lb e r g  a l s o  was d o u b t f u l  i f  t h e r e  was an y  m arked 
d i f f e r e n c e  a s  sh e  fo u n d ,  i n  t h r e e  o u t  o f  n i n e  c a s e s  o f  f o e t u s  
f ro m /
3.
from  7 t o  9 m o n th s ,  t h e  d e sq u a m a te d  c o n d i t i o n  o f  t h e  g la n d  
w h ic h  sh e  c o n s i d e r e d  t h e  n o rm a l  a p p e a r a n c e  i n  t h e  n e w ly - b o rn .  
Gooper (2) s t a t e d  t h a t  d u r in g  t h e  f i r s t  two weeks a f t e r  b i r t h  
t h e  t h y r o i d  shows l i t t l e  d i f f e r e n c e  f ro m  t h a t  o f  t h e  f u l l - t i m e  
f o e t u s  b u t  t h a t  p r a c t i c a l l y  a l l  t h e  v e s i d e s  a r e  em p ty .
P o u r  t h e o r i e s  a s  t o  t h e  c a u s e  o f  t h i s  change i n  t h e  t h y r o i d  
a f t e r  b i r t h  h a v e  b e e n  s u g g e s t e d .  W 6 lf e r  a f t e r  e x a m in in g  a  
s e r i e s  o f  g la n d s  f ro m  f e e b l e  and  s t i l l - b o r n  c h i l d r e n ,  and  
f i n d i n g  t h a t  t h e y  h ad  few o r  no v e s i c l e s  and  no c o l l o i d ,  
c o n s i d e r e d  t h a t ,  a s  t h i s  c o n d i t i o n  r e s e m b le d  t h e  s t a t e  o f  th e  
t h y r o i d  b e f o r e  c o l l o i d  f o r m a t i o n  was b e g u n ,  t h e  c a u s e  o f  t h e  
a p p e a r a n c e  a f t e r  b i r t h  was a r r e s t e d  d ev e lo p m en t o f  t h e  g l a n d .
De Q u e rv a in  (5) s u g g e s t e d  t h a t  t h e  d e s q u a m a t io n  o f  t h e  
e p i t h e l i a l  c e l l s  m ig h t  be due t o  d i s e a s e  i n  th e  c h i l d .
P e r ra n d o  (18) and E l k e s  fo u n d  a s i m i l a r  c o n d i t i o n  i n  t h y r o i d s  
t a k e n  f ro m  c h i l d r e n  who h ad  s u f f e r e d  from  c o n g e n i t a l  s y p h i l i s .  
G a m i e r  i n v e s t i g a t i n g  t h e  e f f e c t  o f  i n f e c t i o u s  d i s e a s e s  on 
t h e  t h y r o i d  g l a n d ,  f o u n d ,  h o w e v e r ,  t h a t  d e s q u a m a t io n  was p r e s e n t  
i n  t h e  t h y r o i d  o f  a n  o th e r w i s e  norm al c h i l d  a f t e r  a  p r o lo n g e d  
l a b o u r .
E lk e s  was o f  t h e  o p in io n  t h a t  some m e ta b o l i c  c h a n g e ,  
t a k i n g  p l a c e  im m e d ia te ly  a f t e r  b i r t h  m ig h t  a c c o u n t  f o r  t h e  
a l t e r a t i o n  i n  t h e  t h y r o i d .  H e s s e l b e r g ,  how ever, fo u n d  no 
e v id e n c e  o f  d e s q u a m a t io n  i n  t h e  g la n d s  o f  v a r i o u s  a n im a ls  
k i l l e d /
4 .
k i l l e d  and  ex am in ed  s h o r t l y  a f t e r  b i r t h ,  and  d i s a g r e e d  w i t h  E lk e s *  
t h e o r y ,  t h i n k i n g  t h a t  a s .  some s i m i l a r  m e ta b o l i c  change  m ust 
p r o b a b l y  o c c u r  i n  t h e  lo w e r  A nim als  t h i s  s h o u ld ,  i f  t h e  h y p o t h e s i s  
w ere  c o r r e c t ,  c a u s e  some a l t e r a t i o n  i n  t h e i r  t h y r o i d s  a l s o #
H e s s e lb e r g  h e l d  t h e  v ie w  t h a t  th e  d i s a p p e a r a n c e  o f  c o l l o i d  
and  t h e  d e s q u a m a t io n  o f  t h e  e p i t h e l i a l  c e l l s  was due t o  damage 
t o  t h e  t h y r o i d  d u r in g  b i r t h  by r e a s o n  o f  t h e  r e l a t i v e  n a r ro w n e s s  
o f  t h e  human b i r t h - c a n a l .  She h e l d  t h a t  t h i s  t h e o r y  w ou ld  
e x p l a i n  G a m i e r  *s r e s u l t s  m e n t io n e d  a b o v e .
The p r e s e n t  i n v e s t i g a t i o n  was u n d e r t a k e n  w i t h  a  v ie w  t o  
d e t e r m in i n g  w h e th e r  t h e s e  ch an g es  i n  t h e  t h y r o i d  m ig h t b e  r e l a t e d  
i n  a n y  way t o  t h e  s t a t e  o f  d ev e lo p m en t o f  t h e  c h i l d ,  o r  w h e th e r  
t h e y  m ig h t  b e  due t o  a u t o l y s i s  o r  p o s t  mortem d e g e n e r a t i o n .
N e i t h e r  o f  t h e s e  p o s s i b i l i t i e s  h a s  a p p a r e n t l y  b e e n  e n q u i r e d  i n t o ,  
a s  no r e f e r e n c e  t o  e i t h e r  h a s  b e e n  d i s c o v e r e d  i n  th e  l i t e r a t u r e #
No d e s c r i p t i o n  ©f t h e  e f f e c t s  o f  a u t o l y s i s  on  t h e  t h y r o i d  seems 
to  h a v e  b e e n  p u b l i s h e d  b e f o r e ,  and so  t o  o b t a i n  a  know ledge  o f  
t h i s  b e f o r e  e x a m in in g  t h e  human t h y r o i d s ,  o b s e r v a t i o n s  w ere  made 
on t h e  p o s t -m o r te m  c h an g es  i n  t h e  t h y r o i d  o f  t h e  d o g .  These  
s h a l l  b e  d e s c r i b e d  f i r s t .
oOo-
5.
A. S tu d y  o f  t h e  D e g e n e r a t i v e  P r o c e s s  I n  t h e  T h y r o i d .
Method o f  I n v e s t i g a t i o n .
S ev en  e x p e r im e n t s  w ere c a r r i e d  o u t  w i t h  a  v ie w  t o  
d i s c o v e r i n g  t h e  e f f e c t  o f  a u t o l y s i s  i n  t h e  t h y r o i d .  C ru ic k s h a n k (4 )  
c a r r i e d  out s i m i l a r  e x p e r im e n t s  w i t h  l i v e r  and k id n e y  and  h i s  
m ethod  was f o l l o w e d  i n  t h i s  c a s e .  A f t e r  t r y i n g  v a r i o u s  
m ed ia  he  fo u n d  t h a t  he o b t a i n e d  t h e  b e s t  r e s u l t s  by  k e e p in g  t h e  
t i s s u e  i n  a  m o i s t  c h am b er ,  and  i n  s e v e r a l  o f  h i s  e x p e r im e n t s  
he  was s u c c e s s f u l  i n  o b t a i n i n g  a u t o l y s i s  s i m i l a r  t o  t h a t  s e e n  
i n  t h e  bod^  a n d  i n  f o e t a l  t i s s u e s .
The m ethod  i n  d e t a i l  was a s  f o l l o w s .  P r e v io u s  t o  t h e
re m o v a l  o f  t h e  t h y r o i d  a s t e r i l e  P e t r i  d i s h  was p r e p a r e d  i n
th e  f o o t  o f  w h ic h  was a  l a y e r  o f  b l o t t i n g  p a p e r  so ak ed  i n  s a l t
s o l u t i o n ,  b o t h  p a p e r  an d  s o l u t i o n  h a v in g  b e e n  s t e r i l i z e d .
The n e c k  o f  t h e  dog was t h e n  sh av ed  and w ashed  c a r e f u l l y  -
no a n t i s e p t i c  c o u ld  be u s e d  a s  a u t o l y s i s  i s  r e t a r d e d  b y  i t s
p r e s e n c e .  The two t h y r o i d s  w ere  rem oved and  t r a n s f e r r e d  a s
q u i c k l y  a s  p o s s i b l e  w i t h  s t e r i l e  i n s t r u m e n t s  t o  t h e  P e t r i  d i s h .
E ach  t h y r o i d  was th e n  c u t  w i th  a s h a r p  k n i f e  i n t o  f o u r  p a r t s .
One p a r t  was rem oved and f i x e d  a t  once  i n  f o r m a l i n  a s  a  c o n t r o l ,
and t h e  d i s h  was c l o s e d .  I n  some c a s e s  t h e  P e t r i  d i s h  was
k e p t  a t  room t e m p e r a t u r e  -  t o  com pare w i t h  t h e  r a t e  o f  change
i n  t h e  t h y r o i d  o f  a f o e t u s  k e p t  i n  t h e  m o r tu a r y  -  and i n  o t h e r s
i t  was p la c e d  i n  a n  i n c u b a t o r  k e p t  a t  a  c o n s t a n t  h e a t  o f  3 7 ° .
At i n t e r v a l s  o f  24 h o u r s  a  p i e c e  was removed and f i x e d .  The 
t i s s u e s /
6 .
t i s s u e s  w ere  p r e p a r e d  b y  t h e  u s u a l  p a r a f f i n  m e th o d ,  c u t ,  
an d  s t a i n e d  w i t h  haemalum and  e o s i n .  The g r e a t e s t  c a r e  
was t a k e n  t o  m a i n t a i n  s t e r i l i t y  b u t  i t  i s  d o u b t f u l  i f  t h i s  
was s u c c e s s f u l ,  and i t  c e r t a i n l y  f a i l e d  i n  some c a s e s  w h ich  
showed b a t t e r i a l  g ro w th  ro u n d  t h e  m a r g in s .  C ru ic k s h a n k
a l s o  e x p e r i e n c e d  v e r y  g r e a t  d i f f i c u l t y  i n  k e e p in g  t h e  o rg a n s  
s t e r i l e  and  b a c t e r i o l o g i c a l  e x a m in a t io n  p ro v e d  t h a t  i n  a b o u t  
h a l f  h i s  e x p e r im e n t s  a l l  h i s  p r e c a u t i o n s  h a d  b e e n  o f  no a v a i l .  
Re s u i t  8 .
I n  t h e  c a s e  o f  t h e  t h y r o i d s  k e p t  a t  room t e m p e r a t u r e  t h e  
d e g e n e r a t i v e  p r o c e s s  t o o k  p l a c e  g r a d u a l l y  th ro u g h o u t  t h e  w eek , 
t h e  d u r a t i o n  o f  t h e  e x p e r im e n t .  The f i r s t  change  was t h e  
a p p e a r a n c e  o f  v a c u o le s  round  t h e  m a rg in  o f  t h e  c o l l o i d  m asse s  
i n  th e  v e s i c l e s ,  w h ich  h ad  s h ru n k  som ew hat, p o s s i b l y  due t o  
a  l e s s e n i n g  o f  t h e  i n t r a - v e s i c u l a r  p r e s s u r e  c a u s e d  by 
d i m i n u t i o n  o r  l i q u e f a c t i o n  o f  t h e  c o l l o i d .  At t h i s  s t a g e  t h e  
v e s i c u l a r  c e l l s  a r e  s t i l l  c u b i c a l  and r a n g e d  r e g u l a r l y  ro u n d  
t h e  v e s i c l e *  T h is  c o n d i t i o n  i s  i l l u s t r a t e d  i n  P l a t e  2 w h ich  
shows such  a  t h y r o i d  48 h o u r s  a f t e r  r e m o v a l .  P l a t e  1 shows 
t h e  s t a t e  o f  t h e  g la n d  im m e d ia te ly  a f t e r  rem o v a l f ro m  th e  body,
The l i n i n g  c e l l s  o f  th e  v e s i c l e s  n e x t  become d e t a c h e d  
from  th e  b a s a l  membrane and a l l  t h e  c o l l o i d  d i s a p p e a r s #
As t h e  p r o c e s s  o f  d e g e n e r a t i o n  p r o g r e s s e s  t h e  c e l l s  become 
s e p a r a t e d  from  e ach  o t h e r  and come to  l i e  f r e e  i n  t h e  lum en.
As t h i s  p r o c e e d s  t h e  s e c t i o n  t a k e s  on a  much more c e l l u l a r  
a p p e a r a n c e .  The v e s i c l e s  become s m a l l ,  and  l e s s  and  l e s s
»•’ %
PLATE I .
T h y ro id  o f  Dog x  3 0 0 ,
( f i x e d  im m e d ia te ly  a f t e r  rem o v a l)
I
PLATE 2 .
T h y ro id  o f  Dog x  3 0 0 .
( f i x e d  48  h o u rs  a f t e r  r e m o v a l ) •
PIATE 3 .
T h y ro id  o f  Dog x  3 0 0 .  
( f i x e d  7 d a y s  a f t e r  r e m o v a l . )
7.
l e s s  d i s t i n c t  u n t i l  t h e i r  o u t l i n e ,  m arked  by  a  t h i n  s t r a n d  
o f  c o n n e c t i v e  t i s s u e ,  c a n  o n l y  w i t h  d i f f i c u l t y  be  made o u t .  
The i n t e r i o r  o f  t h e  v e s i c l e s  i s  u l t i m a t e l y  p a c k e d  w i t h  
e p i t h e l i a l  c e l l s ,  many o f  w h ich  a p p e a r  a s  l a r g e  ro u n d ed  
p i n k - 8 t a l h i n g c e l l s  w i t h  a  d a r k  n u c l e u s .  The T h y ro id  shown 
i n  P l a t e  5 i l l u s t r a t e s  t h i s  s t a t e .  I t  was f i x e d  7 d a y s  
a f t e r  rem o v a l d u r in g  w h ic h  t im e  i t  h a d  b e a n  k e p t  a t  room 
t e m p e r a t u r e .
The r a t e  o f  d e g e n e r a t i v e  change  i n  t h e  t h y r o i d s  k e p t  i n  
t h e  i n c u b a t o r  a t  3 7 °  was a b o u t  t h r e e  t im e s  t h a t  o f  t h o s e  k e p t  
a t  room t e m p e r a t u r e .  The same p r o c e s s  was o b s e r v e d  b u t  
t h e  chan g e  a t  t h e  end o f  24 h o u r s  was g r e a t e r  t h a n  i n  
t h o s e  k e p t  i n  t h e  c o o l e r  t e m p e r a t u r e  f o r  48 h o u r s .  I n  th e  
sp e c im e n s  k e p t  i n  th e  i n c u b a t o r  f u r t h e r  c h a n g e s  t h a n  
t h o s e  d e s c r i b e d  above w ere  o b s e r v e d .
G r a d u a l ly  t h e  c e l l s  and  n u c l e i  d e g e n e r a t e d  u n t i l  t h e  
s e c t i o n  p r e s e n t e d  an  a lm o s t  homogeneous p in k  a p p e a r a n c e .
F o r  th© p r e s e n t  p u r p o s e s ,  h o w e v e r ,  o n ly  t h e  c h a n g e s  
d e s c r i b e d  and  i l l u s t r a t e d  above a r e  o f  i n t e r e s t .
T h e re  i s  one o t h e r  p o i n t  t o  w h ic h  a t t e n t i o n  m ig h t  be 
d i r e c t e d .  P l a t e  1 shows a p e r f e c t l y  no rm a l t h y r o i d  o f  a  
dog w i t h  l a r g e  w e l l  f i l l e d  v e s i c l e s ,  w h i l e  i n  P l a t e  2 t h e  
same t h y r o i d  i s  shovm a f t e r  48 h o u rs*  d e g e n e r a t i o n .  I n  t h e  
l a t t e r  v a c u o le s  a r e  v e r y  n o t i c e a b l e  a l t h o u g h  t h e r e  a r e  none 
p r e s e n t /
8 .
p r e s e n t  i n  t h e  f r e s h l y  f i x e d  g l a n d .  I t  w o u ld  a p p e a r  t h a t  
t h e s e  v a c u o l e s  r e s u l t e d  f ro m  a p r o c e s s  o f  d e g e n e r a t i o n  and 
t h i s  i s  c o n f i rm e d  b y  t h e  work d e s c r i b e d  b e lo w  on th e  
t h y r o i d  o f  t h e  f o e t u s .
Many v ie w s  h av e  b e e n  e x p r e s s e d  a s  t o  t h e  c a u s e  o f  th e  
a p p e a r a n c e  o f  t h e  v a c u o l e s  w h ich  w ere  f r e q u e n t l y  o b s e rv e d  
i n  t h e  c o l l o i d *  Cov/dry (3) and  o t h e r s  h av e  a s c r i b e d  them  
t o  s h r in k a g e  o f  th e  c o l l o i d  i n  p r e p a r a t i o n .  J a c k s o n  (11) 
b e l i e v e d  t h e y  w ere  c o n n e c te d  in ,s o m e  way w i t h  t h e  p r o c e s s  o f  
c o l l o i d  f o r m a t i o n ,  w h i l e  Cooper (2) h a s  a d v a n c e d  th e  o p i n i o n  
t h a t  t h e y  may be  due t o  a b s o r p t i o n  o f  c o l l o i d  i n t o  t h e  
c i r c u l a t i o n .  N e i t h e r  o f  t h e  l a s t  two t h e o r i e s , h o w e v e r ,  
c o u l d  a c c o u n t  f o r  t h e  o c c u r r e n c e  o f  v a c u o le s  p o s t - m o r te m ,  and 
i f  Cowdry* s h y p o t h e s i s  a p p l i e s  h e r e ,  i t  w ou ld  s e e m ,a s  t h e r e  
was no s h r i n k a g e  i n  t h e  f r e s h l y  f i x e d  g l a n d ,  t h a t  t h e r e  m ust 
b e  some c h e m ic a l  change i n  th e  c o l l o i d  s u b s t a n c e  b e f o r e  t h i s  
c an  o c c u r .
9.
B. E x a m in a t io n  o f  a  S e r i e s  o f  Young Human T h y ro id s*
A t th e  G lasgow M a t e r n i t y  H o s p i t a l  r o u t i n e  p o s t-m o r te m  
e x a m in a t io n s  a r e  p e r fo rm e d  on a l l  i n f a n t  c o r p s e s  w h e th e r  t h e  
c h i l d  h a s  b e e n  s t i l l - b o r n  o r  h a s  l i v e d .  F u l l  d e t a i l s  a s  
t o  s i z e  and d e v e lo p m e n t  a s  a l s o  t o  t h e  p o s t -m o r te m  f i n d i n g s  
i n  t h e  v a r i o u s  o r g a n s  a r e  r e c o rd e d *  Through  t h e  k in d n e s s  
o f  Dr Norman G ru ic k sh a n k  I  was p e i m i t t e d  t o  exam ine t h e  
t h y r o i d  from  a num ber o f  t h e s e  c a s e s  -  i n  a l l  75*
The g la n d  was f i x e d  i n  f o r m a l i n  a f t e r  r e m o v a l  and 
w e ig h in g ,  and was im bedded by  th e  p a r a f f i n  m e th o d ,  c u t ,  
and s t a i n e d  w i t h  haemalum e o s in *
As f u l l  d e t a i l s  a s  p o s s i b l e  w ere  o b t a i n e d  i n  e a c h  
c a s e ,  s p e c i a l  n o t e  b e i n g  t a k e n  o f  t h e  s t a t e  o f  d e v e lo p m e n t ,  
a s  i t  was i n t e n d e d  t o  c o r r e l a t e  t h i s ,  i f  p o s s i b l e ,  w i t h  t h e  
h i s t o l o g i c a l  f i n d i n g s  i n  t h e  t h y r o i d *  * The age  o f  th e  
f o e t u s  was c a l c u l a t e d  f ro m  t h e  d a t e  o f  th e  l a s t  m e n s t r u a t i o n  
t o  th e  d a t e  o f  b i r t h .  The f o im e r  how ever  was o f t e n  
d i f f i c u l t  t o  a s c e r t a i n  and  many o f  t h e  a g es  g iv e n  a r e  o n ly  
a p p r o x im a te .  F o r  t h i s  r e a s o n  no g r e a t  r e l i a n c e  h a s  b e e n  
p l a c e d  on t h i s ,  and i n  t h e  l a t e r  p o s t-q io r te m  r e c o r d s  t h e  
l a s t  m e n s t r u a l  d a t e  h a s  b e e n  o m i t t e d ,  so t h a t  i n  some o f  
th e  c a s e s  t h e  age  t h u s  c a l c u l a t e d  d o e s  n o t  a p p e a r  i n  t h e  
f o l l o w i n g  t a b l e s .  A much m ore a c c u r a t e  i d e a  o f  t h e  s t a t e  
o f /
10.
o f  developm ent can be ob ta in ed  by exam ination o f  th e  
c o n d itio n  o f th e  v a r io u s  c e n tr e s  o f o s s i f i c a t i o n .  For 
t h i s  purpose th e  fo llo w in g  have been n oted : ( i )  th e  
number o f c e n tr e s  p resen t in  th e  mesosternum; th e  s i z e  
o f  th e  c e n tr e s  in  ( i i )  th e  a s tr a g u lu s , ( i i i )  th e  os c a l c i s ,  
( i v )  th e  low er end o f  th e  fem ur, and (v ) th e  upper end o f  
th e  t i b i a .  The w eight and le n g th  o f th e  c h i ld  were a ls o  
noted*
As th e  p o s s i b i l i t y  has t o  be taken  in t o  account o f th e  
appearances o f th e  th y r o id  b e in g  due in  some c a se s  t o  
a u t o ly t ic  change, th e  tim e from death  or s t i l l - b i r t h  
u n t i l  th e  tim e o f th e  post-m ortem  exam ination i s  recorded  
in  th e  accompanying t a b le s .  T h is could  be ob ta in ed  a c c u r a te ly  
in  th e  ca se  o f  c h ild ren  who had l iv e d ,  but in  th e  o th ers  i t  
was very  d i f f i c u l t  and u s u a l ly  im p o ss ib le  t o  f in d  out how
lo n g  th e  fo e tu s  m ight have been dead in  u te r o .  As th e
*
m a jo r ity  o f cran io tom ies were performed on account o f  
co n tra cted  p e l v i s ,  and as in  many such c a se s  th e  C hild i s  
a l iv e  u n t i l  th e  o p era tio n  i s  undertaken , i t  was thought th a t  
a more a ccu ra te  e s t im a te  o f th e  tim e th a t th e  c h ild  had 
been dead b e fo r e  exam ination m ight be ob ta in ed  in  th e  
in s ta n c e s  where t h i s  was done, than in  th e  o th er  s t i l l ­
b ir t h s ,  and th e s e  ca ses  were con seq u en tly  se g re g a ted .
T h ere/
11.
T h ere  c a n n o t  o f  c o u r s e  b e  t h e  same e x a c t i t u d e  a s  when t h e  
c h i l d  h a d  l i v e d ,  b u t  p r o b a b l y  more t h a n  w i t h  t h e  r e m a in in g  
s t i l l - b i r t h s .
I  am i n d e b t e d  t o  a  h o u se  s u rg e o n  f o r  t h r e e  t h y r o i d s  
w h ich  h e  rem oved and  f i x e d  im m e d ia te ly  a f t e r  d e l i v e r y *
I n  t h e s e  c a s e s  c r a n io to m y  was p e r fo rm e d  on l i v i n g  f o e t u s ,  
t h e  m o th e re *  p e l v e s  b e in g  g r e a t l y  c o n t r a c t e d *  The g la n d s  
o b t a i n e d  t h u s  w ere  t h e r e f o r e  f r e e  f ro m  an y  s u s p i c i o n  o f  
p o s t -m o r te m  change*
H i s t o l o g i c a l  B x a m in a t io n *
The a p p e a r a n c e s  fo u n d  i n  t h e  t h y r o i d s  w ere  v e r y  v a r i e d .  
Some w ere  made up  o f  c o l l o i d  c o n t a i n i n g  v e s i c l e s ,  some o f  
em pty v e s i c l e s ,  w h i l e  o t h e r s  p r e s e n t e d  a  s o l i d  c e l l u l a r  
a p p e a r a n c e  q u i t e  u n l i k e  t h a t  n o r m a l ly  a s s o c i a t e d  w i t h  t h i s  
g l a n d .  I n  t h i s  d e s c r i p t i o n  t h e y  may c o n v e n i e n t l y  be  g ro u p e d  
i n t o  two c l a s s e s  -  t h o s e  c o n t a i n i n g  c o l l o i d ,  and  t h o s e  f r e e  
cf c o l l o i d *
1* G lan d s  c o n t a i n i n g  C o l l o i d *
I n t o  t h i s  c l a s s  f a l l  23 o f  th e  t h y r o i d s  e x a m in e d .  The 
g la n d  was composed o f  v e s i c l e s  l i n e d  w i t h  c u b i c a l  e p i t h e l i u m  
and  f i l l e d  w i t h  c o l l o i d  w h ic h  s t a i n e d  w e l l .  Some showed a 
c e r t a i n  amount o f  i n t e r v e s i c u l a r  t i s s u e ,  b u t  w here  th e  
v e s i c l e s  a r e  s m a l l  t h i s  i s  o n l y  t o  be e x p e c te d  a s  th e  
r e s u l t  o f  t h e  s e c t i o n  p a s s i n g  t a n g e n t i a l l y  t h r o u g h  t h e  w a l l s  
o f  some v e s i c l e s .  The v e s i c l e ?  v a r i e d  i n  s i z e ,  b u t  w ere  
a lw a y s /
PLATE 4 .
Normal human t h y r o i d  a t  t h e  age  o f  b i r t h
X 6 0 .
- A .
PLATE 5 .
Normal human t h y r o i d  a t  t h e  age  o f  b i r t h  
show ing c o n g e s t i o n .
X  60 .
p l a t e  6 .
Same t h y r o i d  a s  i n  P l a t e  4 u n d e r  
h i g h  power 
X 3 0 0 .
■ ë#
PLATE 7 .
Human t h y r o i d .
( s e e " H i s t o l o g i c a l  E x a m in a t io n "  Group 2 . A.)
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a lw a y s  much sm aller* t h a n  i n  t h e  a d u l t  g l a n d .  P l a t e s  4 an d  5 
show t h e  low pow er v iew  and  P l a t e  6 t h e  a p p e a r a n c e  s e e n  
u n d e r  h i g h  pow er o f  th e  s e c t i o n s  o f  two o f  th e  t h y r o i d s  w h ic h  
w ere  f i x e d  im m e d ia te ly  a f t e r  d e a t h .  These  a r e  more o r  
l e s s  t y p i c a l  o f  a l l  th e  g l a n d s  i n c l u d e d  i n  t h i s  g ro u p  a l t h o u g h  
some showed more c o l l o i d .  They w ere  s e l e c t e d  f o r  i l l u s t r a t i o n  
a s  t h e r e  c a n  be  no d o u b t a s  t o  t h e i r  f r e s h n e s s .  T h e re  was 
l i t t l e  d i f f i c u l t y  i n  s e p a r a t i n g  t h i s  g ro u p  f ro m  t h e  n e x t  a s  
t h e  p r e s e n c e  o f  t h e  c o l l o i d  was i n  e v e r y  c a s e  n o t i c e a b l e  a t  
a g l a n c e .  As r e g a r d s  v a s c u l a r i t y ,  i t  w i l l  b e  s e e n  t h a t  t h e  
c a p i l l a r i e s  i n  t h e  t h y r o i d  shown i n  P l a t e  5 a r e  c o n g e s te d  
w h i le  t h o s e  shown i n  P l a t e  4 a r e  more o r  l e s s  em p ty .  S i m i l a r l y  
w i t h  t h e  o t h e r s ,  some showed c o n g e s t i o n ,  o t h e r s  d i d  n o t .  I t  
seems p o s s i b l e  t h a t  th e  c o n g e s t i o n  d e s c r i b e d  by  some o b s e r v e r s  
a s  b e i n g  I n v a r i a b l y  p r e s e n t  may be due t o  t h e  c h a r a c t e r  o f  
t h e  l a b o u r .
2 .  G lands  c o n t a i n i n g  no c o l l o i d .
As h a s  b e e n  i n d i c a t e d  t h e s e  t h y r o i d s  v a r i e d  from  a  
c o n d i t i o n  i n  w h ich  t h e r e  was m e r e ly  a n  a b s e n c e  o f  c o l l o i d  t o  
a  s t a t e  i n  w h ic h  v e s i c l e s  a s  su ch  c an  s c a r c e l y  be  r e c o g n i s e d .
F o r  d e s c r i p t i v e  p u r p o s e s ,  h o w e v e r ,  t h e y  may be d i v i d e d  i n t o  
t h r e e  t y p e s .
A. I n  a few t h y r o i d s  t h e r e  a r e  s t i l l  t r a c e s  o f  c o l l o i d  i n  t h e  
v e s i c l e s .  T h i s ,  h o w ev er ,  s t a i n e d  f a i n t l y  and  c o n t a i n e d  
l a r g e  v a c u o l e s ,  w h ich  w ere  o f t e n  so  num erous t h a t  a l l  t h a t  
r e m a in e d /
uPLATE 8 .
Human t h y r o i d  x  3 0 0 .
( s e e  " H i s t o l o g i c a l  E x a m in a t io n "  Group 2 .B .
«
»? -w* • * »
L. r?
PLATE $ .
Human T h y ro id  x  3 0 0 .  
( s e e " H i s t o l o g i c a l  E x a m in a t io n  Group 2 .0 *
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re m a in e d  o f  c o l l o i d  was a  t h i n  n e tw o rk  b e tw e e n  t h e s e  v a c u o l e s .  
The w a l l s  w ere  l i n e d  w i t h  c u b i c a l  c e l l s  more o r  l e s s  r e g u l a r l y  
a r r a n g e d  th o u g h  h e r e  and  t h e r e  t h e y  h a d  become d e t a c h e d  and  
w ere  e s c a p i n g  i n t o  t h e  lu m en . (P l a t e  7 ) .
B. Many o f  t h e  s e c t i o n s  p r e s e n t e d  a  c h a r a c t e r i s t i c ,  c l e a r  
a p p e a r a n c e .  The g l a n d s  c o n t a i n e d  no c o l l o i d  and  t h e  p r o t o ­
p la sm  o f  t h e  c e l l s  s t a i n e d  r a t h e r  f a i n t l y .  V e s i c l e s  w ere 
c l e a r l y  d i s c e r n a b l e  b u t  many o f  t h e  c e l l s  com posing  t h e i r  
w a l l s  h a d  s e p a r a t e d  from  t h e  b a s a l  m em brane. When th e y  
s t i l l  r e t a i n e d  t h e i r  a t t a c h m e n t  th e y  w ere  o f  more co lu m n ar  
s h a p e . ( P l a t e  8 ) .
C. A c o n s i d e r a b l e  number o f  t h e  t h y r o i d s  h ad  a veory 
c e l l u l a r  a p p e a r a n c e .  I n  many c a s e s  i t  was o n ly  w i t h  d i f f i c u l t y  
t h a t  th e  o u t l i n e  o f  v e s i c l e s  c o u ld  be d i s t i n g u i s h e d ,  m arked
o u t  by  a  t h i n  l i n e  o f  c o n n e c t i v e  t i s s u e  c e l l s .  The v e s i c l e s  
w ere  f i l l e d  w i th  d e sq u a m a te d  c e l l s  o f  more o r  l e s s  ro u n d e d  
sh ap e  (P l a t e  9 ) . As i n  t h e  t h y r o i d s  o f  ty p e  B , t h e  p r o to p la s m  
o f  t h e  c e l l s  s t a i n e d  more f a i n t l y  t h a n  i n  t h o s e  g l a n d s  w h ich  
c o n t a i n e d  c o l l o i d ,  a n d  t h e  n u c l e i  w ere  much d a r k e r .
I n  t h i s  g ro u p  a s  i n  t h e  f i r s t  some g la n d s  w e re  v e r y  
c o n g e s t e d ,  w h i le  i n  o t h e r s  t h e r e  w ere  few  b lo o d  c e l l s  v i s i b l e .
14.
R e s u l t s .
I t  w i l l  be s e e n  from  T a b le  I  t h a t  8 o f  t h e  16 t h y r o i d s  
h a d  v e s i c l e s  f i l l e d  w i t h  c o l l o i d  w h i l e  t h e  r e m a in d e r  w ere  
c o l l o i d - f r e e .  S tu d y  o f  t h a t  t a b l e  r e v e a l s  s i m i l a r  v a r ia t io n ) ,  
i n  t h e  s t a t e  o f  d e v e lo p m e n t ,  a g e ,  w e ig h t  a n d  l e n g t h ,  and  
d u r a t i o n  o f  l i f e  i n  th e  i n f a n t s  o f  b o t h  g r o u p s ,  c o l l o i d -  
c o n t a i n i n g  and  c o l l o i d - f r e e .  One f a c t ,  h o w e v e r ,  may be 
o b s e r v e d ,  nam ely  t h a t  i n  e v e ry  c a s e  i n  w h ich  c o l l o i d  was 
fo u n d  t o  be p r e s e n t  t h e  p o s t-m o r te m  e x a m in a t io n  h ad  b e e n  
c a r r i e d  o u t  w i t h i n  24 h o u r s  o f  d e a t h ,  v /he reas  i n  t h e  o t h e r s  
w i t h  o n ly  one e x c e p t i o n  t h i s  was d e l a y e d  f o r  two o r  t h r e e  
d a y s  •
S i m i l a r l y  from  T a b le  I I ,  t r e a t i n g  o f  s t i l l - b o r n  c h i l d r e n  
on whom c r a n io to m y  was p e r fo r m e d ,  i t  w i l l  be  s e e n  t h a t  w i t h  
one e x c e p t i o n  t h e  p o s t-m o r te m  e x a m in a t io n  on t h e  s i x  i n f a n t s  
w i t h  t h y r o i d s  c o n t a i n i n g  c o l l o i d  w ere  a l s o  c a r r i e d  o u t  
w i t h i n  24 h o u r s  o f  d e l i v e r y .  I n  t h r é e  c a s e s  w here  t h e  
t h y r o i d  showed d e s q u a m a t io n  o f  t h e  e p i t h e l i a l  c e l l s  and  
no c o l l o i d ,  t h e  a u to p s y  was p e r fo rm e d  from  one t o  two d a y s  
a f t e r  d e l i v e r y  and i n  f i v e ,  i n  w h ic h  t h i s  was d e l a y e d  f o r  
t h r e e  t o  f o u r  d a y s ,  a l l  t h e  g la n d s  showed v e s i c l e s  s o l i d  w i t h  
d esq u a m a te d  c e l l s .
T a b le  I I I  g iv e s  t h e  p a r t i c u l a r s  o f  t h e  r e m a in in g  s t i l l - b o r n  
c h i l d r e n  n o t  d e a l t  w i t h  i n  T a b le  I I . I n  9 c a s e s  o u t  o f  40 
t h e  t h y r o i d  c o n t a i n e d  c o l l o i d .  I n  6 o f  t h e s e  t h e  p o s t ­
m o rtem /
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m ortem  e x a m in a t io n  v/as p e r fo rm e d  w i t h i n  24 h o u r s  and  i n  3 
w i t h i n  2 d a y s .  Of th e  o t h e r  31 t h y r o i d s  w h ic h  w ere  f r e e  o f  
c o l l o i d  7 w ere  exam ined  one day  a f t e r  b i r t h  w h i l e  t h e  
r e m a in in g  24 w ere  n o t  f i x e d  f o r  tw o ,  t h r e e  o r  f o u r  d a y s ,
À c a r e f u l  s tu d y  o f  t h e s e  t a b l e s  c o n v in c e s  one t h a t  t h e s e  
s t r i k i n g  v a r i a t i o n s  i n  t h e  h i s t o l o g y  o f  t h e  t h y r o i d  c a n n o t  be 
due t o  v a r i a t i o n s  i n  d e v e lo p m e n t ,  w h e th e r  r e c k o n e d  b y  a g e ,  
w e ig h t  and  l e n g t h ,  o r  e x t e n t  o f  o s s i f i c a t i o n .  N e i t h e r  do 
t h e y  seem t o  be  r e l a t e d  t o  t h e  s e x  o f  th e  c h i l d  o r  t h e  number 
o f  t h e  p r e g n a n c y .  Thus one h a s  t o  c o n s i d e r  w h e th e r  t h e s e  
v a r i a t i o n s  may be  a c c o u n te d  f o r  by  t h e  d u r a t i o n  o f  t im e  
b e tw e e n  t h e  d e a t h  o f  t h e  c h i l d  an d  t h e  f i x a t i o n  o f  t h e  t h y r o i d  
t h a t  i s  t o  s a y ,  w h e th e r  th e y  c a n  b e  due s im p ly  t o  d e g e n e r a t i v e  
c h a n g e s .
The t h y r o i d s  f ro m  t h e  t h r e e  c a s e s  o f  c r a n io to m y  i n  
w h ic h  t h e  g l a n d s  w ere  f i x e d  w i t h i n  a v e r y  s h o r t  t im e  o f  d e a t h ,  
a l l  p r e s e n t  a  s i m i l a r  a p p e a r a n c e ,  and  a l l  show a  c o n s i d e r a b l e  
am ount o f  c o l l o i d .  No d e g e n e r a t i o n  s u r e l y  c a n  h a v e  t a k e n  
p l a c e  an d  c o n s e q u e n t l y  t h e s e  may be  lo o k e d  on a s  n o r m a l ,  
a l t h o u g h  a s  a l r e a d y  s t a t e d  th e y  do n o t  co n fo rm  e x a c t l y  t o  
t h e  a p p e a r a n c e  fo u n d  i n  th e  a d u l t  g l a n d .  T a k in g  t h i s  
s t a n d a r d  a s  t h e  n o rm a l .  T a b le  I  shows i n  a  r e m a rk a b le  way 
t h a t  i n  a l l  c a s e s  i n  w h ic h  t h e  g l a n d  was f i x e d  w i t h i n  24 
h o u r s  o f  d e a t h  th e  t h y r o i d  may b e  r e g a r d e d  a s  n o r m a l ,  w h i le  
i n  p r a c t i c a l l y  e v e ry  c a s e  i n  w h ic h  i t  r e m a in e d  i n  tfce body  
f o r /
16.
fo r  a lo n g er  p e r io d , i t  may be sa id  t o  be degenerated* T able  
I I  b ears out t h i s  con clu sion *  In T able I I I  i t  w i l l  be noted  
th a t  in  7 oases in  which th e  post-m ortem  exam ination  took  
p la c e  w ith in  one day th e  th y r o id s  showed th e  c o n d itio n  
d escr ib ed  above as abnormal* T h is may be accounted  fo r  by 
th e  f a c t  th a t  th e  c l i n i c a l  n o te s  d id  not g iv e  any id e a  as 
t o  how lo n g  th e  c h i ld  may have been dead In u tero*  As 
h as been seen  from th e  experim en ta l work a lrea d y  d escr ib ed  
a u t o ly t lc  change ta k e s  p la c e  a t a g r e a te r  r a te  a t b lood  
tem perature than a t room tem perature* Thus i f  th e  c h ild  were 
dead In u te r o  fo r  a com p aratively  sh o rt tim e I t  I s  h ig h ly  
p robab le th a t  by th e  end o f 24 hours a f t e r  d e l iv e r y ,  any 
d e g e n e ra tiv e  change m ight be very  much more advanced than  
I f  th e  c h ild  had l iv e d  t i l l  th e  tim e o f b ir th *  T h is then  
may be th e  reason  fo r  th e  c o l lo id - f r e e  c o n d itio n  appearing  
so  e a r ly  In th e s e  c a s e s .
In  p r a c t ic a l ly  a l l  c a se s  In which th e  s e c t lo  was perform ed  
two days a f t e r  b ir t h ,  as a ls o  In a l l  ca ses  where t h i s  was 
done a t  a l a t e r  d a te , th e  th y r o id  p r e se n ts  t h i s  abnormal 
c o n d it io n . Thus I t  would appear th a t Table I I I  a ls o  con­
firm s th e  f in d in g s  o f th e  o th er  two ta b le s*
To sum up th e r e fo r e  I t  w i l l  be seen  th a t  In a l l  
r ec en t th y r o id s  a co n sid er a b le  amount o f  c o l lo id  was ob served , 
w h ile  In th o se  whldh Remained In th e  body fo r  a lo n g er  tim e , 
c o l lo id  was absent and th e  g lan d  ep ith e liu m  was desquam ating. 
T able i l /
PLATE 1 0 .
T h y ro id  o f  f u l l  t i m e . f o e t a l  g u i n e a - p i g ,  
X  3 0 0 .
m*
T a b le  I I  shows v e r y  c l e a r l y ,  a s  a l s o  d o e s  T a b le  I  t o  some 
e x t e n t ,  t h a t  th e  com pact c e l l u l a r  a p p e a r a n c e  o f  t h e  g la n d  due  
t o  c o m p le te  d e s q u a m a t io n  was fo u n d  p a r t i c u l a r l y  i n  t h o s e  
t h y r o i d s  w h ic h  h ad  h a d  a l o n g e r  t im e  i n  w h ic h  i t ©  d e g e n e r a t e  
t h a n  i n  t h o s e  show ing  t h e  commencing s e p a r a t i o n  o f  t h e  c e l l s .
I n  t h e  i n v e s t i g a t i o n  o f  t h e  d e g e n e r a t i v e  p r o c e s s  i n  t h e  
t h y r o i d  o f  t h e  dog a s  a l r e a d y  d e s c r i b e d ,  v e r y  s i m i l a r  a p p e a r a n c e s  
w ere  o b s e r v e d .  A f t e r  th e  c o l l o i d  d i s a p p e a r e d  t h e  e p i t h e l i a l  
c e l l s  b e g a n  t o  s e p a r a t e  from  t h e  b a s a l  membrane and  a s  t h i s  
p r o c e s s  a d v a n c e d ,  d e s q u a m a t io n  became c o m p le te .  The g la n d  t h e n  
c l o s e l y  r e s e m b le d  t h o s e  human t h y r o i d s  d e s c r i b e d  i n  t h e  p r e c e d i n g  
p a r a g r a p h .  One may c o n c lu d e  t h e r e f o r e  t h a t  t h e  a p p e a r a n c e s  i n  
a l l  t h o s e  g la n d s  g ro u p e d  a s  a b n o rm a l  c a n  be  e x p l a i n e d  s im p ly  a s  
t h e  r e s u l t  o f  p o s t-m o r te m  d e g e n e r a t i o n .
H e s s e lb e r g  exam ined  t h e  t h y r o i d s  o f  d o g s ,  c a t s ,  and  
r a b b i t s  im m e d ia te ly  a f t e r  b i r t h ,  and a lw a y s  fo u n d  c o l l o i d - f i l l e d  
v e s i c l e s ,  w i th o u t  a n y  s i g n  o f  e p i t h e l i a l  d e s q u a m a t io n ,  a l t h o u g h  
sh e  c o n s i d e r e d  t h i s  d e s q u a m a t io n  t o  b e  n o r m a l ly  p r e s e n t  i n  
t h e  c h i l d  d u r in g  t h e  f i r s t  t h r e e  weeks o f  l i f e .
I  h a v e  on s e v e r a l  o c c a s io n s  exam in ed  t h e  t h y r o i d  o f  f u l l ­
t im e  g u i n e a - p i g s  rem oved b y  C a e s a r e a n  s e c t i o n  and  h a v e  
i n v a r i a b l y  fo u n d  w e l l - f i l l e d  v e s i c l e s ,  a n d  no d e s q u a m a t io n .  ( P l a t e  X) 
T h is  w ould  seem t o  c o n f i rm  t h e  v iew  t h a t  t h e  c o l l o i d  s t a t e  i s  
n o im a l  and t h a t  d e s q u a m a t io n  I s  a b n o rm a l ,  a l t h o u g h  H e s s e lb e r g  
h e l d  a  d i f f e r e n t  o p i n i o n .  T h a t  w o rk e r  s o u g h t  t o  e x p l a i n  
t h e /
18.
t h e  d i f f e r e n c e  b e tw e e n  man and an im als , in  th a t  the  f o r m e r  
showed d e s q u a m a t io n  and t h e  l a t t e r  d i d  n o t ,  by  s u g g e s t i n g  
t h a t  ow ing t o  t h e  narrov / b i r t h  c a n a l  i n  th e  human s u b j e c t  t h e  
t h y r o i d  wag i n j u r e d  d u r in g  d e l i v e r y .  I f  t h i s  w ere  so  one  
w ould  e x p e c t  t o  f i n d  d e s q u a m a t io n  v e r y  f r e q u e n t l y  i n  a  f i r s t ­
b o r n  c h i l d  b u t  n o t  so  o f t e n  i n  th e  c h i l d r e n  o f  à  m u l t i p a r a  
when t h e  b i r t h , i s  u s u a l l y  e a s i e r .  T h is  i s  n o t  b o rn e  o u t  
by t h i s  w ork  a s  w i l l  be  s e e n  b y  r e f e r e n c e  t o  t h e  accom pany ing  
T a b l e s ,  I ,  I I  a n d  I I I .  M oreover  a  l a r g e  p r o p o r t i o n  o f  s t i l l ­
b i r t h s  a r e  due t o  d i f f i c u l t  l a b o u r ,  y e t  a  c o n s i d e r a b l e  num ber o f  
s t i l l - b o r n  c h i l d r e n  i n  t h i s  s e r i e s  h a d  n o rm a l t h y r o i d s .  G a m i e r  
fo u n d  t h a t  a f t e r  a p r o lo n g e d  l a b o u r  t h e  c h i l d ' s  t h y r o i d  showed 
d e s q u a m a t io n .  I n  such  a  c a s e ,  h o w e v e r ,  i t  w ou ld  seem t h a t  
t h e r e  was e v e ry  p o s s i b i l i t y  o f  t h e  c h i l d  b e in g  d e a d  i n  u t e r o  
f o r  some c o n s i d e r a b l e  t im e  i n  w h ic h  c a s e  a u t o l y s i s  w ou ld  
a c c o u n t  f o r  t h e  ch an g e  he d e s c r i b e d .
C o n e l u s i o n s .
1 .  The c h a n g e s  w h ic h  o c c u r  i n  t h e  t h y r o i d  g l a n d  p o s t -m o r te m  
may be sum m arized  t h u s .  F i r s t  v a c u o le s  a p p e a r  i n  
t h e  c o l l o i d  w h ich  u l t i m a t e l y  d i s a p p e a r s  c o m p l e t e l y .
The e p i t h e l i a l  c e l l s  t h e n  become s e p a r a t e d  from  t h e  
b a s a l  m em brane. E v e n t u a l l y  t h e  v e s i c l e s  become 
f i l l e d  T/dth d e sq u a m a te d  c e l l s  an d  t h e  g l a n d  p r e s e n t s  
a  s o l i d  c e l l u l a r  a p p e a r a n c e .
s./
19.
As th e  form ation  o f v a c u o le s  in  th e  c o l lo id  may tak e  
p la c e  a f t e r  d ea th , th e s e  cannot alw ays be regarded  as  
ev id en ce  o f  a c t i v i t y  on th e  p art o f th e  th y r o id .
The th y r o id  g land  o f  th e  f u l l - t im e  human fo e tu s  and 
a ls o  o f th e  new ly-b om  in fa n t  appears t o  be composed 
norm ally o f sm all v e s i c l e s  l in e d  w ith  c u b ic a l  ep ith e liu m  
and f i l l e d  w ith  c o l lo id  which s t a in s  w e l l .  The g lan d s  
may or may n ot be congested#
When v a r ia t io n s  from t h i s  standard o ccu r , th e r e  i s  
ev id en ce  th a t  th ey  may in  many c a ses  be due t o  p o s t ­
mortem d eg e n e ra tio n .
Ko r e la t io n s h ip  was found to  e x i s t  betw een th e  c o n d itio n  
o f th e  th y r o id  in  th e  f u l l - t im e  fo e tu s  and th e  d ev e lo p ­
ment o f  th e  c h ild  as reckoned by th e  ex te n t o f  o s s i f i ­
c a t io n .
  oOo—  ------
20.
I I .  THE INFLUENCE OF DIET* ETC.. OK THE CONDITION 
OF THE THYROID AND OS GBOWTH.
I n t r o d u c t i o n .
V arious ty p e s  o f  th y r o id  have been d escr ib ed  in  anim als 
o f  th e  same s p e c ie s .  Watson (64) examined th e  th y r o id s  from 
a s e r i e s  o f w h ite  r a t s  and grouped them in t o  fo u r  ty p e s .  Each 
p r e sen ted  a d i s t i n c t i v e  appearance va ry in g  from a c o n d itio n  
in  which th e  v e s i c l e s  were f i l l e d  w ith  c o l lo id  t o  one in  
which th e  v e s i c l e s  were e n t ir e ly  empty. S im ila r  ty p e s  were 
d e sc r ib ed  by D ouglas (57) in  th e  th y r o id s  o f  f o w ls .  F orsyth  
(59 ) rep o rted  g r ea t v a r ia t io n  in  th e  th y r o id s  o f  b ir d s  o f  
th e  same s p e c ie s .  R ecen tly  Crawford and H a rtley  (56)  have  
found th a t  g rea t v a r ia t io n *  are  to  be observed norm ally  in  
th e  th y r o id  o f th e  r a b b it .  From th e  work o f  s e v e r a l ob servers  
i t  would pppear th a t  th e se  d i f f e r e n c e s  in  th e  h i s t o l o g i c a l  
appearances o f  th e  th y r o id  may be accounted  f o r ,  in  p art a t  
l e a s t ,  by th e  kind o f  d ie t  on which th e  animal i s  f e d .  The 
r e s u l t s  o f  th e se  workers are m entioned l a t e r .
The fo llo w in g  experim ents were c a rr ie d  out t o  in v e s t ig a t e  
fu r th e r  th e  in f lu e n c e  o f  d ie t  on th e  c o l lo id  co n ten t o f th e  
th y r o id . Some o b ser v a tio n s  were a l s o  made on th e  in f lu e n c e  o f  
th y r o id  e x tr a c t  and o f  a d r e n a lin . These are d e sc r ib ed  f i r s t .  
T h erea fter  an account i s  g iv en  o f  th e  I n v e s t ig a t io n s  on th e  
e f f e c t  o f  m ilk  and b u t te r ,  o f  cod l i v e r  o i l ,  and o f  a p r o te in
d ie t  w ith  p a r t ic u la r  r e fe r e n c e  t o  i t s  tryptophane c o n te n t .
21 ,
General  Notes on Experiments•
I n  t h e  f o l l o w i n g  e x p e r im e n t s  young w h i te  r a t s  w ere  used*  
They w ere  k e p t  i n  w i r e  c a g e s  w i th  a t r a y  o f  s a w d u s t  a t  t h e  
f o o t*  Each cag e  c o n t a i n e d  two t o  f o u r  a n im a ls*  The c a g e s  
w ere  k e p t  t h o r o u g h l y  c l e a n ,  t h e  t r a y  b e in g  s c ru b b e d  w i th  h o t  
w a te r  e v e ry  day and  c o v e re d  w i th  f r e s h  saw dust*  M CCarrison 
(5 2) h a s  d e s c r i b e d  c h a n g e s  i n  t h e  t h y r o i d  o f  r a t s  k e p t  i n  
d i r t y  c a g e s ,  so  t h a t  i t  w ould a p p e a r  t h a t  c a r e  i n  r e g a r d  t o  
c l e a n l i n e s s  i s  o f  im p o r ta n c e  i n  such  e x p e r im e n t s  a s  t h o s e  
d e s c r i b e d  b e lo w . The a n im a ls  w ere  k e p t  a t  a  f a i r l y  c o n s t a n t  
t e m p e r a t u r e  a s  a p r e c a u t i o n  a g a i n s t  e r r o n e o u s  r e s u l t s ,  H a r t  (4 2 )  
h a v i n g  r e c o r d e d  v a r i a t i o n s  i n  t h e  amount o f  c o l l o i d  i n  t h e  
t h y r o i d  o f  r a t s  k e p t  a t  d i f f e r e n t  t e m p e r a t u r e s .
I n  e v e ry  c a s e  t h e  c o n t r o l s  w ere  o f  t h e  same l i t t e r  a s  
t h e  e x p e r im e n ta l  a n i m a l s .
A l l  a n im a ls  w ere  w e ig h ed  t w i c e  a  w eek, t h i s  b e i n g  done 
i n  t h e  m o rn in g  b e f o r e  f e e d i n g .
TWO b a s a l  d i e t s  w ere  u s e d  t o  w hich w ere ad d ed  t h e  su b ­
s t a n c e s  whose e f f e c t  on t h e  t h y r o i d  was t o  b e  t e s t e d .  The 
f i r s t  u s e d  was t h a t  g iv e n  t o  a d u l t  s t o c k  r a t s  i n  t h e  l a b o r a t o r y ,  
and  c o n s i s t e d  o f  -  
D i e t  A; -  p o r r i d g e ,  c a b b a g e ,  t u r n i p .
The a d u l t  r a t s  a p p e a r e d  h e a l t h y  on t h i s  d i e t  and m a i n t a i n e d  
t h e i r  w e ig h t .  I t  was fo u n d ,  h o w e v e r ,  t h a t  i t  was n o t  so s u i t a b l e  
f o r  young r a t s .  T h is  h a s  a l r e a d y  b een  d i s c o v e r e d  by  B a ts o n  
a n d /
2 2 ,
an d  H u n te r  (67)*  I t  was d e s i r e d  t o  r e t a i n  a c a r b o h y d r a t e  
d i e t ,  and  t h e  se c o n d  d i e t  was made up o f  
D i e t  B : -  d r i e d  b r e a d ,  p o t a t o  ( b o i l e d ) .
A l l  a n im a ls  h a d  an am ple  s u p p ly  o f  w a t e r .
At t h e  end o f  t h e  e x p e r im e n t s  t h e  a n im a ls  w ere  k i l l e d  by  
C h lo ro fo rm in g .  The o rg a n s  w ere  rem oved a t  o n c e ,  w e ig h e d ,  and 
f i x e d  i n  f o r m a l i n .  A l th o u g h  t h e  t h y r o i d s  w ere  rem oved  w i th  
t h e  u tm o s t  c a r e ,  i t  was fo u n d  t h a t  i n  some c a s e s  s m a l l  p i e c e s  
o f  c o n n e c t i v e  t i s s u e  o r  even  o f  m u sc le  w ere a d h e r i n g  t o  t h e  
g l a n d s  when exam ined  m i c r o s c o p i c a l l y .  I n  s m a l l  r a t s ,  t h e  
t h y r o i d s  b e i n g  o f  m in u te  s i z e ,  t h e i r  w e ig h ts  c o u ld  n o t  b e  
r e g a r d e d  a s  a c c u r a t e  and a r e  c o n s e q u e n t ly  d i s r e g a r d e d  i n  t h e  
f o l l o w i n g  a c c o u n t  o f  t h e  e x p e r im e n t s .  M c C a rr iso n  com pared  t h e  
s i z e  o f  t h y r o i d s  from  r a t s  by p l a c i n g  a l l  t h o s e  o f  one e x p e r i ­
m ent s i d e  by s i d e  and p h o to g r a p h in g  th em . T h is  m e th o d ,  h o w e v e r ,  
i s  open t o  t h e  o b j e c t i o n  t h a t  i t  c a u s e s  d e l a y  i n  f i x a t i o n .
The t h y r o i d s  w ere  p r e p a r e d  by t h e  p a r a f f i n  m e th o d .  S e r i a l  
s e c t i o n s  w ere  c u t  and  s t a i n e d  w i th  h a e m a l im  an d  e o s i n .
23.
H is to lo g ic a l  Examination.
G re a t  v a r i a t i o n  was fo u n d  i n  t h e  m i c r o s c o p i c a l  a p p e a r a n c e s  
o f  t h e s e  t h y r o i d s *  Some showed l a r g e  t h i n - w a l l e d  v e s i c l e s  
l i n e d  w i th  l a r g e  co lu m n ar  c e l l s .  A c l o s e r  s t u d y ,  h o w e v e r ,  
r e v e a l e d  t h a t  t h e s e  d i f f e r e n c e s  p r o b a b ly  d ep en d ed  on t h e  
amount o f  c o l l o i d  i n  t h e  g l a n d .
The t h y r o i d s  i n  t h e s e  e x p e r im e n t s  may b e  g ro u p e d  r o u g h ly  
i n t o  f o u r  t y p e s ,  w h ich  r e s e m b le  t h o s e  d e s c r i b e d  by B a ts o n  ( 6 4 ) .
1 .  V e s i c l e s  d i s t e n d e d  w i th  w e l l  s t a i n e d  c o l l o i d .  C e l l s  
f l a t t e n e d  t o  a  r e m a r k a b le  d e g r e e  ( P l a t e  1 1 ) .  T h i s  h a d  a p p a r e n t ­
l y  b e e n  e f f e c t e d  by g r e a t  i n t r a - v e s i c u l a r  p r e s s u r e  a s  a t  p o i n t s  
t h e  i n t e r v e s i c u l a r  w a l l  was t h i n n e d  t i l l  i t  a p p e a r e d  a s  a  t h i n  
l i n e  ( P l a t e  1 1 .A) o r  seemed even  t o  h a v e  d i s a p p e a r e d  ( P l a t e  1 1 .# )  
The t h y r o i d s  o f  a l l  r a t s  r e c e i v i n g  t h y r o i d  e x t r a c t  w ere  o f  t h i s  
t y p e .
2. V e s i c l e s  w e l l  f i l l e d  w i th  c o l l o i d  b u t  l i n e d  w i th  c u b i c a l  
c e l l s .  " I n t e r s t i t i a l  t i s s u e "  o f  v a r y i n g  am ount. As t h i s  
d e p e n d s  a p p a r e n t l y  on t h e  s e c t i o n  p a s s i n g  t a n g e n t i a l l y  th ro u g h  
w a l l s  o f  v e s i c l e s  ( t h e  v iew  h e l d  by J a c k s o n  ( 4 5 ) )  i t  n a t u r a l l y  
f o l l o w s  t h a t  t h e  t h i c k e r  t h e  w a l l s  a r e  t h e  more o f  t h i s  t i s s u e  
i s  l i k e l y  t o  a p p e a r .  Hence i n  t h i s  and t h e  f o l l o w i n g  two ty p e s  
t h e s e  i n t e r v e s i c u l a r  c e l l s  w ere  m ore num erous th a n  i n  Type 1 .  
P l a t e  12 shows t h e  t h y r o i d  o f  an a n im a l  r e c e i v i n g  cod l i v e r  
o i l  ( E x p e r ,9 ) ;  P l a t e  13 t h a t  o f  one t o  whose fo o d  p o ta s s iu m  
i o d i d e  was added  ( E x p e r . l O ) ;  and  P l a t e  14 d e p i c t s  t h e  t h y r o i d  
o f /
PLATE 1 1 .
T h y r o id  o f  r a t  r e c e i v i n g  t h y r o i d  e x t r a c t  
X  3 0 0 .
PLATE 1 2 .
T h y ro id  o f  r a t  r e c e i v i n g  cod l i v e r  o i l .  
X  3 0 0 .
PLATE 1 5 .
T h y ro id  o f  r a t  r e c e i v i n g  p o t a s s iu m  
i o d i d e .  x  3 0 0 .
PLATE 1 4 .
T h y ro id  o f  r a t  f e d  e x c l u s i v e l y  on m e a t .  
X  3 0 0 .
PLATE 1 5 é
T h y ro id  o f  r a t  r e c e i v i n g  m i lk ,  
X  3 0 0 .
r M
æ»
'  PLATE 1 6 .
T h y ro id  o f  c o n t r o l  r a t  
( E x p e r . l . )
X 3 0 0 .
24.
o f  a  r a t  f e d  e x c l u s i v e l y  on l e a n  m eat (B x p e r ,  6)*
3 . S m all  am ounts  o f  c o l l o i d  b u t  c e l l s  f i l l e d  w i th  g r a n u l e s  
w hich  do n o t  t a k e  on s t a i n  w e ll*  I t  seems p o s s i b l e  t h a t  t h e s e  
h a v e  t o  do  w i th  t h e  f o r m a t i o n  o f  c o l l o i d  and t h i s  t y p e  shows 
m ore e v id e n c e  o f  c o l l o i d  t h a n  t h a t  n e x t  t o  b e  d e s c r ib e d *  T h is  
was t h e  c o n d i t i o n  o f  t h e  t h y r o i d s  o f  a n im a ls  r e c e i v i n g  m i lk  
( P l a t e  15)*
4* V e s i c l e s  s m a l l  w i t h  v e r y  l i t t l e  o r  no  c o l l o i d  and l i n e d  
by h i g h  c u b i c a l  o r  co lu m n ar  c e l l s  ( P l a t e  16)* As w i l l  b e  seen  
f ro m  T a b le  1 t h i s  t y p e  was v e r y  commonly f o u n d .  I t  r e s e m b le s  
t h e  c o n d i t i o n  d e s c r i b e d  by M c C a rr iso n  a s  G o i t r e  i n  r a t s .
I n  a l l  t h e s e  t y p e s  t h e  p e r i p h e r a l  v e s i c l e s  w ere  l a r g e r  
t h a n  t h o s e  i n  t h e  c e n t r e .  Where t h e r e  was o n ly  a  r a t h e r  p o o r  
amount o f  c o l l o i d  i n  t h e  g l a n d ,  a s  i n  Type 3, t h e  p e r i p h e r a l  
v e s i c l e s  w ere  f i l l e d  a l t h o u g h  t h e  c e n t r a l  ones  m ig h t  b e  p r a c t i ­
c a l l y  em pty . S c h a f e r  (5 8 )  d e s c r i b e s  t h i s  i n  h i s  a c c o u n t  o f  t h e  
n o rm a l  s t r u c t u r e  o f  t h e  t h y r o i d *
A c c o rd in g  t o  R i b b e r t  (5 7 )  a f t e r  rem o v a l  o f  p a r t  o f  a  
t h y r o i d  r e g e n e r a t i o n  o c c u r s  f i r s t  i n  t h e  s u b c a p s u l a r  zone  
and  t h i s  h e  s u g g e s t s  i s  due t o  m ore a c t i v e  b lo o d  s u p p ly .  I t  
seems p o s s i b l e  t h a t  t h i s  t h e o r y  m ig h t  a l s o  a c c o u n t  f o r  t h e  
l a r g e r  p e r i p h e r a l  v e s i c l e s  i n  t h e  n o rm a l g l a n d .  C o u r r i e r  (3 5 )  
d e s c r i b e d  a  b i - p o l a r  a c t i o n  o f  t h e  v e s i c u l a r  c e l l s ,  i . e * ,  w i th  
a  f u n c t i o n  o f  d i s c h a r g i n g  s e c r e t i o n  e i t h e r  i n t o  t h e  v e s i c l e  
o r  i n t o  t h e  b lo o d  s t r e a m  and  t h i s  v iew  i s  s u p p o r t e d  by  t h e  work 
on m i to c h o n d r i a  i n  t h e s e  c e l l s  by B e n s le y  (2 5 )  and Cowdry ( 3 4 ) .  
T h u s /
25.
Thus when t h e  b lo o d  c a r r i e s  t o  t h e  t h y r o i d  m ore  m a t e r i a l  f o r  
t h e  f o r m a t io n  o f  i t s  s e c r e t i o n  t h a n  w ould b e  r e q u i r e d  f o r  
body p u r p o s e s  a t  t h e  moment t h e  e x c e s s  w o u ld , i t  seems p o s s i b l e ,  
b e  s t o r e d  m ost i n  t h e  v e s i c l e s  n e a r e s t  t h e  b lo o d  s t r e a m .  I n  
t h i s  way t h e  p e r i p h e r a l  v e s i c l e s  w ould  g e t  t h e  f i r s t  o p p o r t u n i t y  
o f  s t o r i n g  and  what t h e y  c o u ld  n o t  d e a l  w i th  w ould  b e  c a r r i e d  
on t o  t h e  i n n e r  v e s i c l e s .
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A• E ffec t  of Thyroid  E x tract ,  Iod ine and A drenalin .
A s y n o p s i s  o f  t h e  e x p e r im e n ts  i s  g iv e n  in  T a b le  IV*
The m ethod  o f  a d m i n i s t r a t i o n  o f  t h y r o i d  e x t r a c t  was t h a t  
d e s c r i b e d  by Cameron and C a rm ic h a e l  ( 2 7 ) .  The amount o f  
t h i s  s u b s t a n c e  t o  b e  g iv e n  was c a l c u l a t e d  from  t h e  body  
w e ig h t  o f  t h e  a n im a l  i n  t h e  p r o p o r t i o n  o f  1 : 5 ,0 0 0 .  T h i s  
a p p e a r s  t o  b e  a b o u t  t h e  maximum d o se  w h ich  r a t s  can  t a k e  
a s  t h e  a n im a ls  a l l  lo o k e d  i l l  and h a d  m arked  g l y c o s u r i a .
The d o s e  o f  t h y r o i d  e x t r a c t  w as, i n  E x p e r im e n ts  1 and  3 , 
m ixed  i n t o  a  p a s t e  w i th  f l o u r  and  w a te r  and  i n  E x p e r im e n t  
7 m ixed  w i th  s m a l l  p i e c e s  o f  m eat and a d m i n i s t e r e d  t o  t h e  
r a t s  i n d i v i d u a l l y  b e f o r e  t h e y  r e c e i v e d  t h e i r  d a y ' s  f o o d .
The a d r e n a l i n  s o l u t i o n  was g iv e n  h y p o d e r m ic a l ly ,  each  
r a t  r e c e i v i n g  . 2  c-,c . o f  a  1 / 2 0 0 ,0 0 0  . s o lu t io n  d a i l y .  A 
s i m i l a r  q u a n t i t y  o f  s t e r i l e  s a l i n e  was i n j e c t e d  i n t o  t h e  
c o n t r o l  a n im a ls  a t  t h e  same t i m e .
D i s c u s s i o n  o f  R e s u l t s .
T h y r o i d . E x p e r im e n ts  1 and 7 show t h a t  t h e  a d m i n i s t r a t i o n  
o f  t h y r o i d  e x t r a c t  t o  r a t s  w hich  a r e  r e c e i v i n g  a  d i e t  com­
p o s e d  e i t h e r  o f  c a r b o h y d r a t e s  o r  o f  p r o t e i n s ,  c a u s e s  a  g r e a t  
i n c r e a s e  o f  c o l l o i d  i n  t h e  t h y r o i d  g l a n d .  T h is  i s  c o n f i r m a t o r y  
o f  t h e  work o f  s e v e r a l  o b s e r v e r s .  (Cameron and  C a rm ic h a e l  ( 2 7 ) ,  
C o u r r i e r  ( 3 3 ) ,  F o rd y c e  (3 8 )  and  K ojim a (47)? The e f f e c t  o f  
i o d i n e  i n  i n c r e a s i n g  t h e  c o l l o i d  i s  s e e n  i n  E x p e r im e n t  1 0 .
T h i s /
This a lso  has been demonstrated, by Cameron and Carmichael.
i n  t h e s e  e x p e r im e n ts  (Noe. 1 and  7 )  t h e  t h y r o i d  e x t r a c t  
s u p p l i e s  t h e  a n im a l  w i th  much m ore horm one th a n  i s  r e q u i r e d  
f o r  body  p u r p o s e s  and t h e  g la n d  a p p e a r s  t o  s t o r e  a s  much a s  
p o s s i b l e  o f  t h e  e x c e s s .  V v h e P , th e re fo re ,  t h e  t h y r o i d  i s  
f o u n d  t o  b e  i n  t h e  " c o l l o i d  s t a t e "  one may assum e t h a t  t h e  
t h y r o i d  h a s  a  r e s e r v e  o f  s e c r e t i o n  and d o es  n o t  r e q u i r e  t o  
s e c r e t e  a c t i v e l y  f o r  t h e  im m e d ia te  n e e d s  o f  t h e  a n im a l .  On 
t h e  o t h e r  h and  when t h e  g la n d  shows empty v e s i c l e s  w i th  
co lu m n ar  c e l l s  i t  would a p p e a r  t h a t  t h e  t h y r o i d  i s  i n  a 
v e r y  a c t i v e  c o n d i t i o n .  T h is  a c t i v i t y  m ig h t  a c c o u n t  f o r  
t h e  g r e a t e r  w e ig h t  o f  t h e  c o l l o i d  f r e e  t h a n  o f  t h e  c o l l o i d  
r i c h  g la n d  a s  p o i n t e d  o u t  by Cameron and  S e d z ia k  (2 8 )  and 
M e lla n b y  ( 5 0 ) .
The i n f l u e n c e  o f  i n j e c t i o n s  o f  a d r e n a l i n  was s t u d i e d  i n  
E x p e r im e n ts  2 and 3- I n  t h e  f o rm e r  t h e  t h y r o i d s  o f  b o th  
e x p e r im e n ta l  a n im a ls  and c o n t r o l s  p r e s e n t e d  a  s i m i l a r  a p p e a r ­
a n c e  show ing empty v e s i c l e s  and  co lu m n ar  c e l l s .  I n  t h e  
l a t t e r  t h e  g la n d s  o f  t h e  r a t s  w hich  w ere  g iv e n  t h y t o i d  e x t r a c t  
w h i l e  r e c e i v i n g  a d r e n a l i n  i n j e c t i o n s  showed a  c o n s i d e r a b l e  
amount o f  c o l l o i d .  T h e i r  v e s i c l e s  w ere  w e l l  f i l l e d  b u t  i n  
t h e  c e n t r e  w ere s m a l l  and  a l l  w ere  l i n e d  w i th  c u b i c a l  e p i ­
t h e l i u m  -  a  c o n d i t i o n  d e c i d e d l y  d i f f e r e n t  from  t h a t  fo u n d  
i n  t h e  t h y r o i d s  o f  t h e  r a t s  i n  E x p e r im e n ts  l  and  7 w hich  
h a d  l a r g e  f u l l y  f i l l e d  v e s i c l e s  w i th  f l a t t e n e d  c e l l s .  A l th o u g h  
t h e /
t h e  q u a n t i t y  o f  t h y r o i d  e x t r a c t  was a d m i n i s t e r e d  i n  e x a c t l y  
t h e  same p r o p o r t i o n  ( 1 :5 ,0 0 0  body w e ig h t)  i n  a l l  t h e  
e x p e r im e n t s  i n  t h i s  c a s e  (E x p e r .5 )  i t  d i d  n o t  c a u s e  t o  t h e  
same e x t e n t  t h e  f i l l i n g  u p  o f  t h e  v e s i c l e s .  I t  w ou ld  a p p e a r ,  
t h e r e f o r e ,  t h a t  th e  i n j e c t i o n s  o f  a d r e n a l i n  h a d  i n t e r f e r e d  
w i t h  t h i s  a c t i o n *
S e v e r a l  w o rk e rs  h a v e  p e r fo rm e d  e x p e r im e n t s  t o  d e t e r m in e  
t h e  i n f l u e n c e  o f  a d r e n a l i n  on t h e  t h y r o i d  g l a n d .  C hanges  i n  
t h a t  g l a n d  i n d i c a t i v e  o f  a c t i v e  s e c r e t i o n  h a v e  b e e n  d e s c r i b e d  
b y  O so k in  (56) a f t e r  t h e  i n j e c t i o n  o f  a d r e n a l i n .  Schm id  (60) 
h o w e v e r  o b t a i n e d  n e g a t i v e  r e s u l t s  i n  s i m i l a r  e x p e r im e n ts *  
Cannon and C a t t e l l  (29) fo u n d  t h a t  t h e  i n j e c t i o n  o f  a d r e n a l i n  
c a u s e d  a  d i f f e r e n c e  o f  e l e c t r i c a l  p o t e n t i a l  i n  th e  t h y r o i d *  
C ra w fo rd  and H a r t l e y  (36) i n j e c t e d  a d r e n a l i n  i n t o  r a b b i t s  
b u t  c o u ld  form  no  c o n c l u s io n s  a s  t o  i t s  e f f e c t  on th e  t h y r o i d  
b e c a u s e  th e  v a r i e d  a p p e a r a n c e s  o b s e r v e d  i n  t h a t  g l a n d  w e r e ,  
t h e y  c o n s i d e r e d ,  w i t h i n  t h e  r a n g e  s e e n  i n  t h e  n o rm a l  g l a n d ,  
w h ic h ,  t h e y  s t a t e ,  d i f f e r s  m a r k e d ly  i n  d i f f e r e n t  r a b b i t s  
u n d e r  s i m i l a r  c o n d i t i o n s *
The e x p e r im e n ts  h e r e  d e s c r i b e d  seem t o  b e a r  o u t  t h e  v iew  
t h a t  i n j e c t i o n  o f  a d r e n a l i n  c a u s e s  i n c r e a s e d  a c t i v i t y  o f  th e  
t h y r o i d  g l a n d .
G ro w th *
V ary in g  o p i n i o n s  h av e  b e e n  e x p r e s s e d  a s  t o  th e  e f f e c t  o f  
t h e  a d m i n i s t r a t i o n  o f  t h y r o i d  e x t r a c t  on t h e  r a t e  o f  grov/th*
Moussu (51) s t a t e d  t h a t  s m a l l  d o s e s  s t i m u l a t e  g r o w th ,
a n d /
Graph 1
and  S c h a f e r  (59) o b t a i n e d  a  s i m i l a r  r e s u l t  i n  young r a t s .  
H o sk in s  (44) c o n c lu d e d  t h a t  t h y r o i d  e x t r a c t  h a d  no e f f e c t  
on g row th*
B i r c h e r  ( 2 6 ) ,  H e r r in g  ( 4 3 ) ,  C a r l s o n  ( 3 0 ) ,  a n d  Cameron 
a n d  C & rm ichael (27) fo u n d  a  d e c r e a s e  i n  t h e  r a t e  o f  g r o w th .
I n  t h e  t h r e e  e x p e r im e n t s  d e s c r i b e d  above  i n  w h ich  t h y r o i d  
e x t r a c t  was ad ded  t o  th e  d i e t  t h e  r a t e  o f  g ro w th  was m a r k e d ly  
d e c r e a s e d .  G raph 1 i l l u s t r a t e s  t h i s  c l e a r l y .
C o n c l u s i o n s .
1 .  T h y r o id  e x t r a c t  a d m i n i s t e r e d  t o  yoüng r a t s  i n  d o s e s  o f
1 :5 ,0 0 0  o f  b ody  w e ig h t  c a u s e s  a  g r e a t  i n c r e a s e  i n  t h e
c o l l o i d  c o n t e n t  o f  t h e  t h y r o i d ,  a n d  m arked  d e c r e a s e
i n  t h e  r a t e  o f  g ro w th  o f  t h e  a n i m a l .
2 .  The i n j e c t i o n  o f  a d r e n a l i n  i n t o  y oung  r a t s  r e c e i v i n g
t h y r o i d  e x t r a c t  i n t e r f e r e s  t o  some e x t e n t  w i t h  t h e  
s t o r i n g  o f  c o l l o i d  i n  t h e  t h y r o i d  v e s i c l e s .  Thus i t  
seems p o s s i b l e  t # a t  a d r e n a l i n  h a s  a  s t i m u l a t i n g  e f f e c t  
on  t h e  t h y r o i d  g l a n d .
30,
R ,E f f e c t  o f  M ilk  and  B u t t e r *
Some w o rk e rs  h a v e  s t a t e d  t h a t  m i lk  feas some e f f e c t  
on t h e  t h y r o i d .  W atson (6 5 )  fo u n d  t h a t  r a t e  and  m ice  f e d  
on b r e a d  and m i lk  h a d  t h y r o i d s  w i th  v e s i c l e s  f i l l e d  w i th  
w e l l  s t a i n e d  c o l l o i d  w h i l e  t h o s e  o f  a n im a ls  f e d  on f l o u r  
an d  w a te r  h a d  much l e s s  d i s t i n c t  v e s i c l e s  c o n t a i n i n g  a c l e a r  
p o o r l y - s t a i n i n g  s e c r e t i o n .  T s u j i  (6 2 ,  63 )  o b s e rv e d  h y p e r ­
t r o p h y  o f  t h e  t h y r o i d  i n  r a t s  r e c e i v i n g  2 -3  c . c .  o f  m i lk  
d a i l y  and c o n s id e r e d  t h a t  m i lk  c o n t a i n e d  some s u b s t a n c e  
a c t i n g  h o r m o n i c a l l y  on t h e  t h y r o i d .
A d i e t  r i c h  i n  b u t t e r  f a t s  a c c o r d i n g  t o  ; M è l la n b y  (50) 
c a u s e s  g r e a t  h y p e r t r o p h y  o f  t h e  t h y r o i d .  T h a t  w o rk e r  f e d  
p u p s  on d i e t s  r i c h  i n  v a r i o u s  f a t s  and  fo u n d  t h a t  t h e  dog 
r e c e i v i n g  b u t t e r  showed a s  r e m a r k a b le  a chan g e  i n  t h a t  g la n d  
a s  a  f i v e - f o l d  i n c r e a s e .  M c C a rr iso n  (53 )  w o rk in g  w i th  p ig e o n s  
fo u n d  t h a t  t h e i r  t h y r o i d  showed a c t i v e  h y p e r p l a s i a  when t h e  
b i r d  was f e d  on any o t h e r  f a t  t h a n  cod l i v e r  o i l  o r  on a  d i e t  
f r e e  o f  f a t .
E x p e r im e n ts  4  and  5 w ere  d e s ig n e d  t o  # e l n v e & t l g a t e  t h e s è t r e s u l t s . 
I n  t h e  fo rm e r  each  r a t  r e c e i v e d  1 ^  gms. o f  b u t t e r  p e r  d a y .  I f  
m ore  t h a n  t h i s  was g iv e n  t h e  fo o d  was r e f u s e d  by  t h e  a n i m a l s .
The b u t t e r  was m e l t e d  and  m ixed  w i th  p o r r i d g e .  I n  e x p e r im e n t  
5 m i lk  was m ixed w i th  p o r r i d g e  and  m i lk  g iv e n  i n  t h e  d r i n k i n g  
d i s h  i n s t e a d  o f  w a te r .
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The e x p e r im e n ts  and  r e s u l t s  a r e  sum m arised  i n  T a b le  V« 
The t h y r o i d s  o f  t h e  r a t s  r e c e i v i n g  m i lk  c o n t a i n e d  some­
w hat m ore c o l l o i d  t h a n  t h o s e  o f  t h e  c o n t r o l s  and  p r e s e n t e d  
m ore e v id e n c e  o f  c o l l o i d  f o r m a t io n  a s  d e s c r i b e d  ab o v e  i n  t h e  
h i s t o l o g i c a l  d e s c r i p t i o n  o f  t h e  g l a n d s  ( s e e  P l a t e  1 5 ) .  The 
t h y r o i d s  o f  t h e  a n im a ls  f e d  on b u t t e r  w ere  s i m i l a r  i n  a p p e a r ­
a n c e  t o  t h o s e  o f  t h e  c o n t r o l s .
T h e se  e x p e r im e n ts  h a v e  n o t  b e e n  s u f f i c i e n t l y  e x t e n s i v e  
t o  w a r r a n t  t h e  fo rm in g  o f  any  c o n c l u s i o n s .
G• E f f e c t  o f  Cod L i v e r  O i l .
(S ee  T a b le  V I ) .
E x p e r im e n t 9 was o r i g i n a l l y  u n d e r t a k e n  w i th  a  v iew  t o  
d i s c o v e r i n g  t h e  c o n d i t i o n s  o f  t h e  t h y r o i d  i n  a n im a l s  show ing  
d i f f e r e n t  r a t e s  o f  g ro w th .  I t  was h o p e d  t o  p ro d u c e  t h i s  
d i f f e r e n c e  by t h e  a d d i t i o n  o f  a b u n d a n t  v i t a m i n e s  t o  t h e  
p r a c t i c a l l y  v i t a m i n e  f r e e  d i e t  w hich  was g iv e n  t o  t h e  co n ­
t r o l s #  F o r  t h i s  p u r p o s e  a l l  a n im a ls  w ere  f e d  on D ie t  B t o  
w hich  was ad d ed  i n  t h e  c a s e  o f  t h e  e x p e r im e n ta l  a n im a ls  one 
c a p s u l e  p e r  r a t  p e r  day o f  "M è ta g e n ,"  a  p r e p a r a t i o n  o f  M e ss rs  
P a r k e ,  D a v ie s  & C o . ,  s t a t e d  t o  b e  v e r y  r i c h  i n  v i t a m i n e s  A,
B, and  C. T h i s  was c o n t i n u e d  f o r  4& w eeks w i th o u t  p r o d u c in g  
any  d i f f e r e n c e  i n  t h e  r a t e  o f  g ro w th  f ro m  t h a t  o f  t h e  c o n t r o l s .  
I t  was t h e n  w ith d ra w n  and  r e p l a c e d  by cod  l i v e r  o i l  on a c c o u n t  
o f  i t s  r e p u t e d  r i c h n e s s  i n  V i ta m in e  A. The amount o f  o i l  
g iv e n  was 1 c . c .  p e r  r a t  p e r  day  m ixed  i n  w i th  t h e  f o o d .
The o t h e r  e x p e r im e n t  (Ho. 8 )  shown i n  T a b le  VI was c a r r i e d  
o u t  i n  an  i n v e s t i g a t i o n  on t h e  e f f e c t  o f  a  m eat d i e t  on t h e  
t h y r o i d  w hich  w i l l  b e  d e s c r i b e d  l a t e r .  W ith  a  v iew  t o  im p ro v in g  
t h e  n u t r i t i o n  o f  t h e  a n im a l s ,  h o w e v e r ,  cod l i v e r  o i l  was ad ded  
t o  t h e  fo o d  o f  a l l  t h e  r a t s  so  t h a t  t h i s  e x p e r im e n t  may w i th  
a d v a n ta g e  be  c o n s id e r e d  i n  t h i s  s e c t i o n .
R e s u l t s .
T h y r o i d .
I n  t h e  t h y r o i d s  o f  a l l  t h e  a n im a ls  i n  e x p e r im e n t  8 ,
W hether  t h e y  w ere r e c e i v i n g  m eat o r  g e l a t i n  t h e  v e s i c l e s  
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w ere  w e l l  f i l l e d  w i th  c o l l o i d .  As w i l l  b e  shown l a t e r ,  i n  
no  o t h e r  c a s e  when t h e  fo o d  c o n s i s t e d  o f  D ie t  B and  g e l a t i n  
was t h e  p r e s e n c e  o f  c o l l o i d  o b s e r v e d .  A l l  t h e  e x p e r i m e n t a l  
a n im a l s  i n  E x p e r im e n t 9 h a d  t h y r o i d s  s i m i l a r  t o  t h e  ab o v e ,  
com posed o f  v e s i c l e s  f i l l e d  w i th  c o l l o i d  ( P l a t e  12) w h i l e  
t h o s e  o f  t h e  c o n t r o l s  w ere  c o l l o i d  f r e e -
I t  a p p e a r s  from  t h e s e  e x p e r im e n t s  t h a t  cod l i v e r  o i l  
e x e r t s  some i n f l u e n c e  on t h e  t h y r o i d  c a u s in g  t h e  f o r m a t i o n  
o f  c o l l o i d .  T h is  c o n f i rm s  M c C a r r i s o n 's  f i n d i n g s  and  a g r e e s  
a l s o  w i th  t h e  work o f  M e l la n b y ,  who fo u n d  t h a t  cod  l i v e r  o i l  
m a i n t a i n e d  t h e  t h y r o i d  i n  a  n o rm a l c o n d i t i o n  w h i l e  a l l  o t h e r  
f a t s  c a u s e d  h y p e r p l a s i a .
G row th .
As h a s  a l r e a d y  b e e n  m e n t io n e d  t h e  a d d i t i o n  o f  "M etagen* 
t o  t h e  d i e t  d i d  n o t  p ro d u c e  any ch an g e  i n  t h e  r a t e  o f  g ro w th .  
R e f e r e n c e  t o  T a b le  VI and  Graph 2 w i l l  show t h a t  cod l i v e r  
o i l  d i d  n o t  p ro v e  any m ore e f f e c t i v e *  Somewhat s i m i l a r  r e s u l t s  
h a v e  b e e n  o b ta in e d  by o t h e r  w o r k e r s ,  A bel (21)  and  h i s  c o -w o rk e r s  
f i n d i n g  t h a t  a n im a ls  on a  t r y t o p h a n e  f r e e  d i e t  w ere  l o s i n g  w e ig h t  
ad d ed  a  r i c h  s u p p ly  o f  v i t a m i n e s  w i th  no  e f f e c t .  Chang (32)  
d i s c o v e r e d  t h a t  v i t a m i n e  B t a b l e t s  d i d  n o t  c o r r e c t  t h e  m a l ­
n u t r i t i o n  o f  a n im a ls  on a  g e l a t i n  d i e t .
I n  e x p e r im e n t  8 ,  h o w e v e r ,  t h e  a n im a ls  w hich  w ere  f e d  on 
m ea t grew much b e t t e r  t h a n  t h o s e  r e c e i v i n g  g e l a t i n  b u t  t h e  
t h y r o i d s  o f  b o th  l o t s  p r e s e n t e d  a  s i m i l a r  a p p e a r a n c e .  I t  w ould  
seem , t h e r e f o r e ,  t h a t  t h e  d i f f e r e n c e  i n  t h e  r a t e  o f  g ro w th  was 
d u e /
34-
due t o  th e  meat and not to  e ith e r  cod l i v e r  o i l  or th e  
c o n d it io n  o f  th e  th y r o id -
ConolUBione-
1 . Cod l i v e r  o i l  e x e r ts  an in f lu e n c e  on th e  th y r o id  cau sin g  
th e  appearance o f c o l lo id -
2- *M etagen," a p rep a ra tio n  s ta te d  to  he very  r ic h  in  v ita m in es
added t o  a d ie t  o f dry bread and p o ta to e s  had no e f f e c t  on 
th e  r a te  o f  growth-
3- Cod l i v e r  o i l  d id  n ot a c c e le r a te  grow th-
4 - S im ila r  appearances o f  th e  th y r o id  may be found in  young
r a t s  growing a t  d i f f e r e n t  r a te s -
D, E f f e c t  o f  a P r o t e i n  D i e t ,  w i th  s p é c i a l  r e f e r e n c e  t o  
i t s  T ry p to p h a n e  C o n t e n t -
T h a t  m ea t h a s  an  i n f l u e n c e  on t h e  t h y r o i d  h a s  b een  
s t a t e d  by s e v e r a l  o b s e r v e r s .  %a t s o n  (66 )  f e d  f o w ls  f o r  a  
lo n g  p e r i o d  on raw m eat and  w a te r  and  fo u n d  t h a t  t h e i r  
t h y r o i d s  w ere  p a r t l y  h y p e r t r o p h i e d ,  w h i le  m i c r o s c o p i c a l l y  
t h e y  showed a  n o rm a l s t r u c t u r e ,  th o u g h  t h e  v e s i c l e s  w ere  
r a t h e r  l a r g e r  t h a n  n o rm a l .  S i m i l a r  r e s u l t s  w ere  o b t a i n e d  
by Bauman (2 4 )  and  A iPsehbacher, ( 2 2 ) ,  and m ore r e c e n t l y  t h i s  
h a s  b e e n  c o n f i rm e d  by  Maîdne and  L e n h a r t  ( 4 9 ) .
The q u e s t i o n  a r i s e s  a s  t o  w hat i s  t h e  c a u s e  o f  t h i s  i n ­
c r e a s e  i n  t h e  t h y r o i d .  As i t  i s  known t h a t  t h e r e  i s  a  m arked  
r e l a t i o n s h i p  b e tw e e n  t h e  c h e m ic a l  f o rm u la e  o f  t r y p t o p h a n e  and  
t h y r o x i n ,  t h e  s u b s t a n c e  i s o l a t e d  from  t h e  t h y r o i d  and d e s c r i b e d  
a s  t h e  a c t i v e  p r i n c i p l e  o f  i t s  s e c r e t i o n  by K e n d a l l ( 4 6 ) ,  i t  
seem ed p o s s i b l e  t h a t  t h e  t r y p t o p h a n e  i n  t h e  m eat p r o t e i n  
m ig h t  a c c o u n t  f o r  t h i s  h y p e r t r o p h y  by  s u p p ly in g  t h e  t h y r o i d  
w i th  t h e  r e q u i s i t e  m a t e r i a l  f o r  fo rm in g  i t s  s e c r e t i o n .  Long 
b e f o r e  t h y r o x i n  h a d  b e e n  d i s c o v e r e d ,  h o w e v e r ,  W i l lc o c k  and 
H o p k in s  (68)  h a d  s u g g e s te d  t h a t  t r y p t o p h a n e  m ig h t  b e  t h e  
m o th e r  s u b s t a n c e  o f  t h e  t h y r o i d  horm one . Cram er (35 )  fo u n d  
t h a t  a n im a ls  f e d  on a  d i e t  p o o r  i n  t r y p t o p h a n e  showed a t r o p h i e d  
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I n  t h i s  c o n n e c t i o n ,  i t  may h e  o f  i n t e r e s t  t o  n o t e  t h a t  
H a r r i e s ,  (41 )  a s su m in g  t h a t  t r y p t o p h a n e  i s  t h e  b a s i s  o f  t h e  
t h y r o i d  s e c r e t i o n ,  h a s  f o r m u l a t e d  a  t h e o r y  a s  t o  t h e  e t i o l o g y  
o f  e x o p h th a lm ic  g o i t r e *  He c o n s i d e r s  t h a t  t h e  p u t r e f a c t i v e  
i n d o l ^ p r o d u c i n g  b a c t e r i a  i n  t h e  i n t e s t i n e  a r e  e x t e r m i n a t e d  
i n  t h i s  d i s e a s e ,  w i th  t h e  r e s u l t  t h a t  a l l  t h e  t r y p t o p h a n e  i n  
t h e  d i e t ,  p a r t  o f  w hich  i s  n o r m a l ly  b ro k e n  down i n  t h e  i n t e s t i n e ,  
i s  a b s o r b e d .  C o n s e q u e n t ly ,  h e  h o l d s ,  t h e r e  i s  t o o  g r e a t  a  s u p p ly  
o f  t h i s  s u b s t a n c e  t o  t h e  t h y r o i d  w hich  u s e s  i t  t o  fo rm  t h y r o x i n  
i n  e x c e s s .
E x p e r im e n t s . ’
(See T a b le  V I I . )
The o b j e c t  o f  e x p e r im e n t  6 was t o  r e i h v e s t i g f i t e  t h e  r e p o r t e d  
i n c r e a s e  i n  t h e  t h y r o i d  i n  a n im a ls  f e d  on m e a t .  One g ro u p  
o f  r a t s  w ere  f e d  on l e a n  m e a t ,  w h i l e  t h e  c o n t r o l s  r e c e i v e d  
a  c a r b o h y d r a t e  d i e t  o f  a p p r o x im a te ly  t h e  same c a l o r i c  v a l u e .
The r e m a in in g  e x p e r im e n t s  w ere  d e s ig n e d  t o  d i s c o v e r  t h e  
i n f l u e n c e  o f  t r y t o p h a n e .  I n  E x p e r im e n t  8 m eat was com pared 
w i th  a  s i m i l a r  q u a n t i t y  o f  g e l a t i n ,  a  p r o t e i n  l a c k i n g  t r y p t o ­
p h a n e .  C heese  was u s e d  i n s t e a d  o f  m eat i n  E x p e r im e n t  11 on 
a c c o u n t  o f  t h e  C a s e in  i n  i t  b e in g  p a r t i c u l a r l y  r i c h  i n  t r y p t o ­
phane* I n  E x p e rim e n t 13 a l l  t h e  r a t s  r e c e i v e d  a  d i e t  o f  b r e a d ,  
p o t a t o ,  and g e l a t i n  b u t  t o  one l o t  was added  a  s o l u t i o n  o f  
p u r e  t r y p t o p h a n e .
When/
37.
When th e  e f f e c t  o f  meat was compared w ith  th a t  o f g e la t in ,  
th e  o b je c t  was to  g iv e  one d ie t  r ic h  in  try top h an e and th e  oth er  
tr y p to p h a n e -fr e e . These d i e t s ,  how ever, d i f f e r e d  a ls o  in  th a t  
th e  meat d ie t  con ta in ed  o th er  su b sta n ces b e s id e s  tryp top h an e. 
Experiment 12 was perform ed t o  d isc o v e r  w hether th e  meat ex ­
t r a c t io n s  had any in f lu e n c e  e i t h e r  on th e  h i s t o l o g i c a l  appear­
ance o f th e  th y r o id , or on th e  r a te  o f growth o f th e  anim al- 
For t h i s  purpose lea n  meat was pounded in  a m ortar and th orou gh ly  
e x tr a c te d  w ith  co ld  w ater . The amount o f  e x tr a c t iv e s  adm in istered  
was ob ta in ed  from a q u a n tity  o f meat o f  th e  same w eight a s  th e  
g e la t in  in  th e  d i e t .
R e s u lt s .
The appearance o f th e  th y r o id s  o f th e  r a t s  fe d  e x c lu s iv e ly  
on meat i s  shown in  P la te  1 4 . I t  w i l l  be seen  th a t  th e  
v e s i c l e s  co n ta in  a co n sid er a b le  amount o f  c o l l o i d .  There 
was a marked d if f e r e n c e  betw een th e s e  and th e  g lan d s o f  
th e  c o n tr o ls .  T h is experim ent th e r e fo r e  confirm s th e  work 
o f  Watson.
I t  has been p o in ted  out in  th e  s e c t io n  d e a lin g  w ith  th e  
e f f e c t  o f  cod l i v e r  o i l  th a t  t h i s  su b stan ce  was g iv en  t o  a l l  
th e  emimals in  Experiment 8 w ith  th e  r e s u l t  th a t  a l l  t h e ir  
th y r o id s  showed* s im ila r  m icr o sc o p ica l app earances. Thus in  
t h i s  ca se  th e  e f f e c t  o f  th e  meat on th a t  g land  cou ld  not be  
ob served .
When/
When c h e e s e  was g iv e n  i n s t e a d  o f  m ea t  t h e  t h y r o i d s  o f  
t h e  r a t s  w ere  made u p  o f  v e s i c l e s  n e a r l y  em pty  o f  c o l l o i d #
T h e re  was no d i f f e r e n c e  b e tw e e n  t h e s e  t h y r o i d s  and  t h o s e  
o f  t h e  c o n t r o l  a n im a l s  w h ich  h a d  b e e n  g i v e n  g e l a t i n  i n  
p l a c e  o f  c h e e s e .  I t  was t h o u g h t  t h a t  a s  c h e e s e  i ja s  
r e l a t i v e l y  r i c h  i n  t r y p t o p h a n e  t h e s e  r a t s  w ould  h a v e  w e l l  
f i l l e d  t h y r o i d  v e s i c l e s .  To a s c e r t a i n ,  h o w e v e r ,  w hat 
e f f e c t  t r y p t o p h a n e  p e r  se  a d d e d  t 6  D ie t  B h a s  on t h e  t h y r o i d ,  
e x p e r im e n t  13 was p e r fo rm e d  u s i n g  th e  p u re  a m i n o - a c i d .  The 
r e s u l t s  o b t a i n e d  w ere  t h e  same a s  i n  t h e  e x p e r im e n t  i n  w h ic h  
c h e e s e  was g i v e n .  The t h y r o i d s  o f  b o t h  e x p e r i m e n t a l  and  
c o n t r o l  a n im a ls  w ere  s i m i l a r ,  c o n t a i n i n g  l i t t l e  o r  no c o l l o i d #
I t  w i l l  b e  o b s e rv e d  t h a t  w h i le  m eat a p p e a r s  t o  i n c r e a s e  
t h e  c o l l o i d ,  c h e e s e  and  t r y p t o p h a n e  a lo n e  do n o t  h av e  t h i s  
e f f e c t .  The p o s s i b i l i t y  t h a t  t h i s  was due t o  t h e  m eat 
e x t r a c t i o n s  was i n v e s t i g a t e d ,  a s  m e n t io n e d  a b o v e ,  i n  e x p e r im e n t  
12 w h ic h ,  h o w e v e r ,  d i d  n o t  show t h a t  t h e s e  h ad  a n y  i n f l u e n c e  on 
t h e  t h y r o i d .  I n  t h e s e  e x p e r im e n t s  i t  was fo u n d  t h a t  t r y p t o ­
phane a l o n e  d i d  n o t  c a u s e  t h e  f o r m a t i o n  o f  c o l l o i d  i n  t h e  t h y r o i d  
v e s i c l e s #
I n  a  r e c e n t  p a p e r  Chang (32) g i v e s  t h e  r e s u l t  o f  an  
i n v e s t i g a t i o n  on somewhat s i m i l a r  l i n e s  b u t  he a d m i n i s t e r e d  
t h e  t i y p t o p h a n e  h y p o d e r m ic a l ly  i n s t e a d  o f  by  t h e  mouth#
H e/
39.
He found  t h a t  on  a n im a l s  r e c e i v i n g  b r e a d  and m i lk  t h e  
t r y p t o p h a n e  h a d  no  e f f e c t  b u t  when g i v e n  t o  a n im a l s  on a  
g e l a t i n  d i e t  i t  c a u s e d  a n  im p ro v ed  n u t r i t i v e  c o n d i t i o n  and 
p r a c t i c a l l y  n o rm a l t h y r o i d s .  The g e l a t i n  d i e t ,  w h ic h  he 
u s e d ,  h o w e v e r ,  c o n t a i n e d  McCollum*s S a l t  M ix tu re  (55) and  
i t  may be t h a t  th e  a d d i t i o n  o f  t r y p t o p h a n é  was s u f f i c i e n t  t o  
t r a n s f o r m  t h a t  d i e t  f rom  an  i n s u f f i c i e n t  t o  an  a d e q u a t e  o n è .  
I t  i s  p r o b a b le  t h a t  t h e  a n im a ls  i n  my e x p e r im e n t s  may s t i l l  
h a v e  b e e n  r e c e i v i n g  a  q u a l i t a t i v e l y  i n s u f f i c i e n t  d i e t  e v e n  
a f t e r  t h e  a d d i t i o n  o f  t r y p t o p h a n e .
A b e l ,  B§.ckus, B o u rq u in ,  and  G e ra rd  (21) h av e  r e c e n t l y  
p u b l i s h e d  d e t a i l s  o f  t h e i r  e x p e r im e n t s  on t h e  c o n n e c t i o n  
b e tw e e n  t r y p t o p h a n e  and  t h y r o i d  f u n c t i o n .  They d e s c r i b e  
n o rm a l g l a n d s  i n  a n im a ls  r e c e i v i n g  t r y p t o p h a n e  b u t  h e r e  t o o  
s a l t  m i x t u r e  was p a r t  o f  th e  d i e t  w h ich  a l s o  I n c l u d e d  cod 
l i v e r  o i l .  The l a t t e r  s u b s t a n c e  p r o b a b l y  a c c o u n te d  f o r  t h e  
f a c t  t h a t  t h e  t r y p t o p h a n e - f r e e  a n im a ls  n e v e r t h e l e s s  
showed t h y r o i d s  w i t h  a v e r y  c o n s i d e r a b l e  amount o f  c o l l o i d .
From t h e  e x p e r im e n t s  d e s c r i b e d  and  f ro m  C hanges  work 
w i t h  t h e  i n j e c t i o n  o f  t r y p t o p h a n e  i n t o  a n im a l s  on a  b r e a d  
and  m i lk  d i e t  i t  w ou ld  c e r t a i n l y  a p p e a r  t h a t  a n  e x c e s s i v e  
s u p p ly  o f  t r y p to p h a n e  d o es  n o t  n e c e s s a r i l y  c a u s e  t h e  
t h y r o i d /
40.
t h y r o i d  t o  fo rm  m ore s e c r e t i o n .  I t  seems p o s s i b l e  t h e r e ­
f o r e  t h a t  a l t h o u g h  n e i t h e r  t r y p t o p h a n e  n o r  t h e  imieat e x t r a c h i v e s  
i n d e p e n d e n t l y  c a u s e  i n c r e a s e  i n  t h e  c o l l o i d  c o n t e n t  o f  t h e  
t h y r o i d  g la n d  t h e y  may a c t  t o g e t h e r  by h e l p i n g  t o  make up  a  
p r o p e r l y  b a l a n c e d  d i e t  and  so p ro d u c e  a  b e t t e r  s t a t e  o f  
n u t r i t i o n .  I t  may b e  on a c c o u n t  o f  t h i s  t h a t  t h e  a n im a ls  
w h ich  Chang f e d  on a  g e l a t i n  d i e t  p l u s  t r y p t o p h a n e  showed 
n o rm a l g l a n d s .  M ea t ,  when a d d e d  t o  a d e f e c t i v e  d i e t  su ch  
a s  D ie t  B may make u p  a n  a d e q u a te  d i e t  f o r  r a t s  and  so may 
a c c o u n t  f o r  t h e  a p p e a r a n c e  o f  c o l l o i d  i n  th e  t h y r o i d s  o f  
t h e  m e a t - f e d  a n i m a l s .
A t t e n t i o n  may be  d i r e c t e d  a t  t h i s  p o i n t  t o  th e ,  i n f l u e n c e  
o f  t h e  v a r i o u s  d i e t s  g iv e n  i n  t h e s e  e x p e r im e n t s  on  t h e  
g ro w th  o f  t h e  a n i m a l s .  I t  w i l l  be n o t e d  ( s e e  T a b le  V II)  
t h a t  m ea t c a u s e d  a  r e m a rk a b le  i n c r e a s e  i n  th e  r a t e  o f  
g ro w th  com pared  t o  t h a t  o f  t h e  c o n t r o l s  (G raphs 5 and 4 ) .
C heese h a d  a  much l e s s  p ro n o u n c e d  e f f e c t  (G raph 5) ,  w h i l e  
t h e  r a t s  r e c e i v i n g  t r y p t o p h a n e  grew no b e t t e r  t h a n  t h e  
c o n t r o l .
The e f f e c t  o f  m ea t t h e r e f o r e  was t o  im prove t h e  r a t e  
o f  g ro w th  and t h e  n u t r i t i v e  c o n d i t i o n  o f  t h e  a n im a l  and 
t o  c a u se  t h e  a p p e a ra n c e  o f  c o l l o i d  i n  t h e  t h y r o i d .  The 
o t h e r  d i e t s  w hich  may be r e g a r d e d  a s  d e f e c t i v e  i n  one way 
o r  a n o t h e r  w e re ,  on t h e  o t h e r  h a n d ,  a s s o c i a t e d  w i t h  a 
p o o r e r  c o n d i t i o n  o f  t h e  a n im a l  and  a c o l l o i d - f r e e  s t a t e  
o f  th e  t h y r o i d .  I t  i s  c o n c e i v a b l e ,  t h e r e f o r e ,  t h a t  t h e  






c o l l o i d  c o n t e n t  o f  t h e  t h y r o i d  g la n d  i s  i n f l u e n c e d  b y  d i e t  
o n ly  so f a r  a s  t h a t  a f f e c t s  t h e  g e n e r a l  n u t r i t i v e  c o n d i t i o n '  
o f  t h e  a n im a l ,
D o u g la s  (37) was o f  t h e  o p in io n  t h a t  v a r i a t i o n  i n  th e  
a p p e a r a n c e  o f  th e  t h y r o i d  i n  a n im a ls  r e c e i v i n g  s i m i l a r  
d i e t s  a n d  k e p t  u n d e r  s i m i l a r  c o n d i t i o n s  was due  t o  t h e  s t a t e  
o f  n u t r i t i o n .  Chang came t o  s i m i l a r  c o n c l u s i o n s  and  
c o n s i d e r e d  t h a t  t h e  l a c k  o f  c o l l o i d  i n  t h e  t h y r o i d  d e s c r i b e d  
by  C ram er i n  t r y p t o p h a n e  d e f i c i e n c y  was due t o  i n a n i t i o n .
An e^norm ous p r o p o r t i o n  o f  s t r a y  d o g s ,  w h ich  one may assum e t o  
be i n  a  p o o r  s t a t e  o f  n u t r i t i o n ,  w ere  fo u n d  by  M arin e  (48) t o  
h ave  t h y r o i d s  d e f i c i e n t  i n  c o l l o i d .  Hararaet (40) , h o w e v e r ,  
b e l i e v e d  t h a t  th e  im proved  n u t r i t i v e  c o n d i t i o n  was due t o  
a  more e f f i c i e n t  t h y r o i d .
The e x p e r im e n t s  i n  t h i s  s e r i e s  seem t o  p r e s e n t  e v id e n c e  
i n  f a v o u r  o f  t h e  fo rm e r  v ie w .  I t  h a s  b e e n  s e e n  t h a t  cod  
l i v e r  o i l  may p ro d u c e  a  c o l l o i d - r i c h  t h y r o i d  v / i th o u t  
im p ro v in g  t h e  r a t e  o f  g ro w th  o f  t h e  a n im a l .  A g e a t  d i e t  
on t h e  o t h e r  h an d  s t i m u l a t e s  g ro w th  and  i s  a l s o  a s s o c i a t e d  
w i t h  a c o l l o i d - r i c h  g l a n d .  ' One f i n d s ,  t h e r e f o r e ,  t h a t  b y  
a s s i s t i n g  th e  f o r m a t i o n  o f  c o l l o i d  by  a d m i n i s t e r i n g  cod 
l i v e r  o i l  w hich  a p p e a r s  t o  h a v e  a s p e c i f i c  a c t i o n  i n  t h i s  
c o n n e c t i o n ,  one c a n n o t  im prove  th e  s t a t e  o f  n u t r i t i o n  a s  
re c k o n e d  by  th e  r a t e  o f  g ro w th .  H ow ever, when a n  a d e q u a te  
d i e t  i s  g iv e n  t h e  n u t r i t i o n a l  s t a t e  o f  th e  a n im a l  i s  
im p ro v e d /
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im p ro v ed  and  i n c i d e n t a l l y  t h e  t h y r o i d  a ssu m es  t h e  n o rm a l  
a p p e a r a n c e .
Much work h a s  b een * d o n e  t o  show t h a t  t h e  t h y r o i d  
p o s s e s s e s  some a c t i o n  i n  s t i m u l a t i n g  g ro w th .  V in c e n t  and  
J o l l y  (69) f o u n d  t h a t  t h y r o id e c to m y  i n t e r f e r e d  v e r y  
s t r i k i n g l y  w i t h  g ro w th ,  and  t h i s  h a s  b e e n  c o n f i rm e d  b y  
B a s s i n g e r  (2 3 ) •  Sim pson (61) s t a t e s  t h a t  a g e  i s  a n  
i m p o r t a n t  f a c t o r  w i t h  r e g a r d  t o  t h e  e f f e c t s  o f  rem o v a l  o f  
t h e  t h y r o i d .  The s t u n t e d  g ro w th  o f  t h e  c r e t i n ,  su p p o se d  
b y  M c C a r r iso n  (54) t o  be  due t o  t h e  i n f l u e n c e  o f  t o x i c  
a g e n t s  on th e  d e v e lo p in g  t h y r o i d  o f  t h e  u n b o rn  c h i l d ,  w ou ld  
seem t o  d e m o n s t r a t e  t h e  r e s u l t  o f  d e f i c i e n t  t h y r o i d  s e c r e t i o n ,  
F u r t h e r  e v id e n c e  t h a t  t h e  t h y r o i d  p l a y s  some p a r t  i n  
s t i m u l a t i n g  g ro w th  i s  s e e n  from  t h e  w ork o f  C a r r e l  (31) 
who fo u n d  t h a t  t i s s u e s  grow n i n  v i t r o  i n c r e a s e d  s e v e r a l  t im e s  
a s  r a p i d l y  i n  t h e  p r e s e n c e  o f  t h y r o i d  s u b s t a n c e  t h a n  i n  i t s  
a b s e n c e .
N e v e r t h e l e s s ,  i n  t h e s e  e x p e r im e n t s  i t  a p p e a r s  t h a t  an  
a d e q u a te  d i e t  a f f o r d i n g  a  good n u t r i t i o n a l  s t a t e  and a 
s t e a d y  g a i n  i n  w e ig h t  i s  a s s o c i a t e d  w i t h  a  t h y r o i d  i n  a  
more o r  l e s s  n o rm a l  c o n d i t i o n ,  w h i l e  t h e  c o n v e r s e  d o e s  n o t  
seem t o  h o l d .  I t  may n o t  be l e g i t i m a t e  t o  a r g u e  f rom  
a n  h i s t o l o g i c a l  s t a n d p o i n t  on su c h  a q u e s t i o n ,  b u t  i f  we 
may, t h e n  i t  w ould  a p p e a r  t h a t  t h e s e  e x p e r im e n t s  do n o t  
b e a r  o u t  t h e  c o n t e n t i o n  t h a t  t h e  t h y r o i d  s t i m u l a t e s  
g r o v / t h . /
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g ro w th  i n  a n i m a l s .  As i s  w e l l  known th e  t h y r o i d  g la n d  e x e r c i s e s  
a  p ro fo u n d  i n f l u e n c e  on m e ta b o l i s m ,  a n d  i t  may be t h a t  
t h y r o id e c to m y  i n t e r f e r e s  w i t h  g ro w th  b y  c a u s in g  a n  u p s e t  o f  
t h a t  p r o c e s s .
C o n c l u s i o n s .
1 .  Meat a p p e a r s  t o  have  t h e  e f f e c t  o f  I n c r e a s i n g  t h e
am ount o f  c o l l o i d  i n  t h e  t h y r o i d  a n d  o f  s t i m u l a t i n g  
t h e  r a t e  o f  g r o w th .
2 .  The a d d i t i o n  o f  t r y p t o p h a n e  t o  a  d i e t  d e f i c i e n t  i n  t h a t
s u b s t a n c e  su c h  a s  D ie t  B d o es  n o t  c a u s e  an y  change  i n  
t h e  a p p e a ra n c e  o f  t h e  t h y r o i d  o r  i n  t h e  r a t e  o f  g ro w th .
3 .  The i n f l u e n c e  o f  m eat d o e s  n o t  seem t o  be due t o  i t s
c o n t e n t  e i t h e r  o f  t r y p t o p h a n e  o r  o f  i t s  e x t r a c t i v e s  
i n d e p e n d e n t l y .
4 .  I t  seems p o s s i b l e  t h a t  t h e  t h y r o i d  i s  i n f l u e n c e d  by
d i e t  o n ly  so f a r  a s  t h e  l a t t e r  a f f e c t s  t h e  n u t r i t i o n  o f  
t h e  a n im a l .
5 .  The r e p o r t e d  a c t i o n  o f  t h e  t h y r o i d  i n  s t i m u l a t i n g
g ro w th  i s  q u e s t i o n e d ,  and t h e  p o s s i b i l i t y  p r e s e n t s  
i t s e l f  t h a t  t h e  i n t e r f e r e n c e  w i th  g ro w th  f o l l o w i n g  
th y r o id e c to m y  may b e  due  t o  m e t a b o l i c  d i s t u r b a n c e .
-------------- oOo----------------
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t h e  t h y r o i d  showed a  n o rm a l a p p e a r a n c e ,  many w ere  a s s o c i a t e d  
w i t h  a  h y p e r p l a s t i c  s t a t e  o f  t h e  g l a n d .  T h is  h y p e r p l a s i a  
was i n  some c a s e s  a c u t e  o r ” c o m p le te ” i n  o t h e r s  c h r o n i c  o r  
c o l l o i d .  Lane (73) s t a t e d  t h a t  i n  c h r o n i c  i n t e s t i n a l  
s t a s i s  t h e  t h y r o i d  was a t  f i r s t  h y p e r t r o p h i e d  and  l a t e r  
became a t r o p h i e d .
I n  h i s  w ork on e x p e r i m e n t a l  g o i t r e  i n  r a t s ,  M c C a r r i s o n (75) 
fo u n d  t h a t  k e e p in g  a n im a ls  i n  d i r t y ,  i n f e c t e d  c a g e s  p ro d u c e d  
a n  a c u t e  h y p e r p l a s t i c  c o n d i t i o n  o f  t h e  t h y r o i d .  He o b s e r v e d  
th e  same a p p e a r a n c e s  a f t e r  s u b c u ta n e o u s  i n j e c t i o n  o f  b a c t e r i a l  
and  o t h e r  t o x i n s .  He h a s  more r e c e n t l y  (76) c o n f i rm e d  t h e  
f o rm e r  o b s e r v a t i o n  i n  p i g e o n s ,  and fo u n d  t h a t  t h e  h y p e r p l a s i a  
c o u ld  be  p r e v e n t e d  b y  s c r u p u lo u s  c l e a n l i n e s s .
S o r o u r  (84) d e s c r i b e d  t h e  t h y r o i d s  o f  r a t s  w h ich  he 
had  f e d  on  v a r i o u s  d i e t s  w h ic h  w ere  su p p o se d  t o  c a u s e  
r i c k e t s .  He fo u n d  t h a t  som e, p a r t i c u l a r l y  t h o s e  t a k e n  f ro m  
r a t s  k e p t  i n  d a r k n e s s ,  showed h y p e r t r o p h y  and m i c r o s c o p i c a l  
a p p e a r a n c e s  s i m i l a r  t o  t h o s e  s e e n  i n  e x o p h th a lm ic  g o i t r e .
I n  1923 I  (78) p u b l i s h e d  a  r e p o r t  on th e  c o n d i t i o n  
o f  t h e  t h y r o i d  i n  young dogs s u f f e r i n g  from  e x p e r i m e n t a l  
r i c k e t s .  A b r i e f  resum e o f  t h i s  w o rk ,  w h ich  seems t o  b e a r  
o u t  t h e  f i n d i n g s  o f  th e  above  m e n t io n e d  w o r k e r s ,  i s  g iv e n  
b e lo w .
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D e s c r i p t i o n  o f  E x p e r im e n t s #
The f o l l o w i n g  e x p e r im e n t s  w ere  c a r r i e d  o u t  b y  N oël 
P a to n  a n d  W atson  i n  a n  i n v e s t i g a t i o n  i n t o  t h e  a e t i o l o g y  
o f  r i c k e t s ,  and m o st o f  them  h av e  b e e n  p u b l i s h e d  (N oël 
P a to n ,  F i n d l a y  and W atson  ( 8 0 ) ;  N oël P a to n  and W atson  ( 8 1 , 8 2 ) « 
I  was a f f o r d e d  t h e  o p p o r t u n i t y  o f  e x a m in in g  t h e  t h y r o i d s  
o f  a l l  t h e  dogs u s e d  i n  t h e s e  e x p e r i m e n t s .  The r e s u l t s  
t o g e t h e r  w i t h  a  r e p o r t  on t h e  c o n d i t i o n  o f  t h e  t h y r o i d s  
a r e  su m m arised  i n  T a b le  V I I I .
The o b j e c t  o f  E x p e r im e n ts  I  and I_I was t o  d e m o n s t r a t e  
t h e  e f f e c t  o f  c o n f in e m e n t  i n  t h e  l a b o r a t o r y  i n  c o n t r a s t  t o  
c o n t r o l s  o f  t h e  same l i t t e r s  k e p t  i n  t h e  c o u n t r y .  The 
l a t t e r  w ere  n o rm a l ,  w h i le  t h e  o t h e r s  d e v e lo p e d  r i c k e t s ,  
a l t h o u g h  t h o s e  pups w h ich  w ere  a l lo w e d  t o  r u n  f r e e  i n  t h e  
l a b o r a t o r y  w ere a f f e c t e d  i n  a  m i l d e r  d e g r e e  t h a n  t h o s e  
•c o n f in e d  i n  c a g e s .
E x p e r im e n ts  V II  and V I I I  w ere  p e r fo rm e d  t o  d i s c o v e r  
w hat e f f e c t  a  d i e t  p o o r  i n  m i lk  f a t  h a d  on t h e  o c c u r r e n c e  
o f  r i c k e t s .  Only one  o f  t h e  s e r i e s  showed any s i g n  o f  a  
r a c h i t i c  c o n d i t i o n ,  and  t h a t  t o  a  v e r y  m i l d  d e g r e e .
E x p e r im e n t  XVII was c a r r i e d  o u t  t o  d i s c o v e r  w h e th e r  
o l i v e  o i l  p la y e d  a n y  p a r t  i n  t h e  p r o d u c t i o n  o f  e x p e r i m e n t a l  
r i c k e t s ,  w h i le  th e  i n f l u e n c e  o f  subdued  l i g h t  was i n v e s t i g a t e d  
i n  E x p e r im e n t  XIX. I n  t h e s e  e x p e r im e n t s  t h r e e  p u p s
d e v e lo p e d  r i c k e t s .  Two o f  t h e s e  r e c e i v e d  cod l i v e r  o i l
a n d /
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and  r e c o v e r e d  c o m p l e t e l y  w h i l e  t h e  o t h e r  im p ro v e d  s p o n ta n e o u s l y  
t o  such  a n  e x t e n t  t h a t  f rom  t h e  h i s t o l o g i c a l  r e p o r t  on t h e  
c o s t o - c h o n d r a l  j u n c t i o n s  i t  c o u ld  n o t  he  s t a t e d  d e f i n i t e l y  
t h a t  r i c k e t s  was p r e s e n t .  E x p e r im e n t  XX was a  r e p e t i t i o n  o f  
E x p e r im e n t  X V II, b u t  h e r e  a l l  t h e  pups showed s i g n s  o f  
r i c k e t s ,  a l t h o u g h  p u p s  1 and  2 re m a in e d  h e a l t h y  t i l l  a lm o s t  
t h e  en d  o f  t h e  e x p e r im e n t ,  w h i l e  pup 3 d e v e lo p e d  t h e  c o n d i t i o n  
e a r l y ,  and  was so  i l l  t h a t  i t  h ad  t o  b e  k i l l e d  t h r e e  weeks 
b e f o r e  t h e  o t h e r s .
The e f f e c t  o f  c a lc iu m  s t a r v a t i o n  was i n v e s t i g a t e d  i n  
E x p e r im e n ts  X V III and XXI. Two pups i n  t h e  f o r m e r  e x p e r im e n t  
on a  C a - d e f i c i e n t  d i e t  d e v e lo p e d  a r a c h i t i c  c o n d i t i o n ,  w h ic h ,  
h o w e v e r ,  shouH dl p e r h a p s  n o t  b e  lo o k e d  upon a s  t r u e  r i c k e t s .
I n  a c c o r d a n c e  w i t h  K o re n c h e v a k y fs  (72) s u g g e s t i o n ,  t h i s  
c o n d i t i o n  h a s  b e e n  n o te d  i n  T a b le  V I I I  a s  " r i c k e t s  from  
Ca S t a r v a t i o n . "  I n  E x p e r im e n t  XXI a l l  t h e  pups  became v e r y  
r i c k e t y ,  a l t h o u g h  t h r e e  o f  th em  w ere r e c e i v i n g  c a lc iu m  
s a l t s  i n  t h e i r  d i e t .  T h e i r  c o n d i t i o n  may be r e g a r d e d  a s  
t r u e  e x p e r i m e n t a l  r i c k e t s  w h ic h  ab u n d an ce  o f  c a l c iu m  was 
u n a b le  t o  p r e v e n t .
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H i s t o l o g i c a l  E x a m in a t io n .
The t h y r o i d s  from  t h e s e  e x p e r im e n t s  f a l l  i n t o  t h r e e  
g r o u p s ,  a c c o r d i n g  to  t h e i r  m i c r o s c o p i c a l  a p p e a r a n c e s  
n o rm a l ,  a c u t e  h y p e r p l a s i a ,  and  c h r o n ic  h y p e r p l a s i a .  T h e se  
te rm s  h a v e  b e e n  a d o p te d  f ro m  F a r r a n t ^ s  p a p e r  a l r e a d y  
q u o te d ,  a s  t h e  a p p e a r a n c e s  w h ich  he  d e s c r i b e s  u n d e r  t h e s e  
names a g r e e  c l o s e l y  w i t h  t h o s e  fo u n d  i n  th e  p u p s .
The n o rm a l g l a n d s  w ere made up  o f  v e s i c l e s  f i l l e d  w i t h  
c o l l o i d  an d  l i n e d  w i th  lov/ c u b i c a l  e p i t h e l i u m .  ( P l a t e  17) .
A c u te  o r  c o m p le te  h y p e r p l a s i a  (P l a t e  18) . Such 
v e s i c l e s  a s  w ere d i s c e r n i b l e  w e re  em pty o f  c o l l o i d  and 
v e r y  i r r e g u l a r  i n  o u t l i n e .  B etw een t h e s e  was a  mass o f  
c e l l s ,  fo rm e d  p r o b a b ly  o f  c o l l a p s e d  v e s i c l e s .  C e l l s  
l i n i n g  t h e  v e s i c l e s  w ere d e f i n i t e l y  c o lu m n a r  i n  s h a p e .
Some t h y r o i d s  showed c h a n g e s  s i m i l a r  t o  t h a t  o f  
a c u t e  h y p e r p l a s i a  b u t  t o  a  m i l d e r  d e g r e e .  The v e s i c l e s  
w ere s m a l l  and em pty o f  c o l l o i d .  The c e l l s  com posing  
t h e  w a l l s  w ere  c u b i c a l  (P l a t e  1 9 ) . I n  T a b le  V I I I  t h e s e  
g la n d s  h a v e  b een  d e s c r i b e d  a s  show ing " a c u t e  h y p e r p l a s i a  -  
s l i g h t . "  They w ere  a l l  t a k e n  from  pups  w h ich  w ere  a l lo w e d  
t o  r u n  f r e e  i n  t h e  l a b o r a t o r y ,  and v /h ic h ,  a l t h o u g h  show ing 
s ig n s  o f  r i c k e t s ,  w ere  l e s s  a f f e c t e d  t h a n  th o s e  c o n f i n e d .
C h ro n ic  o r  c o l l o i d  h y p e r p l a s i a  ( P l a t e  2 0 ) . T^e 
v e s i c l e s  w ere  w e l l  f i l l e d  w i t h  c o l l o i d  w h ic h ,  h o w e v e r ,  c o n t a i n e d
num erous v a c u o l e s .  Many o f  th e  v e s i c l e s  were o f  i r r e g u l a r  










PLATE 1 7 .
Normal t h y r o i d  o f  dog 
X 5 0 0 .
PLATE 1 8 .
T h y r o id  o f  d o g ,  show ing a c u t e  h y p e r p l a s i a .  
X  3 0 0 .
PLATE 1 9 .
T h y ro id  o f  dog , show ing  a c u te  
h y p e r p l a s i a  o f  a  m i l d e r  d e g r e e .  
X 3 0 0 .
PLATE 2 0 .
T h y ro id  o f  dog show ing " c o l l o i d "  
h y p e r p l a s i a .
X  3 0 0 .
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s h a p e .  The w a l l s  a p p e a r e d  i n  p a r t s  t o  be  made u p  o f  more 
t h a n  th e  n o rm a l  s i n g l e  l a y e r  o f  c e l l s ,  and  showed 
num erous i n v a g i n a t i o n s  i n t o  th e  lum en . The c e l l s  w e re  
c u b i c a l  i n  s h a p e .
T h is  c o n d i t i o n  o f  th e  t h y r o i d  w ould  a p p e a r  t o  b e  t h e  
m i l d e s t  fo im  o f  h y p e r p l a s t i c  c h a n g e .  The g la n d s  o f  pups  
1 and  2 o f  E x p e r im e n t  XX w ere i n  t h i s  s t a t e  o f  c o l l o i d  
h y p e r p l a s i a ,  and  i t  i s  t o  be n o t e d  t h a t  t h e s e  a n im a l s  h a d  
v e r y  r e c e n t l y  d e v e lo p e d  r i c k e t s .  The o t h e r  a n im a l  i n  t h i s  
e x p e r im e n t  h a d  s u f f e r e d  from  r i c k e t s  f o r  some t i m e ,  and  i t s  
t h y r o i d  showed a c u t e  h y p e r p l a s i a .
D i s c u s s i o n  o f  R e s u l t s .
I t  w i l l  be  s e e n  f rom  T a b le  V I I I  t h a t  e v e r y  pup w h ic h  
was s u f f e r i n g  from  r i c k e t s  h ad  a t h y r o i d  show ing  m ark ed  
c h a n g e s ,  w h i l e ,  i n  t h o s e  a n im a ls  w h ich  r e m a in e d  h e a l t h y ,  
t h a t  g l a n d  re m a in e d  n o r m a l .  I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  i n  
t h e  d i s e a s e d  c o n d i t i o n  known a s  e x p e r i m e n t a l  r i c k e t s  t h e  • 
t h y r o i d  g l a n d  p r e s e n t s  an  a p p e a ra n c e  m a rk e d ly  d i f f e r e n t  
f ro m  th e  n o rm a l b e in g  i n  a s t a t e  o f  h y p e r p l a s i a .  T h i s  
i s  c o n f i r m a t o r y  o f  t h e  w ork o f  F a r r a n t  and  t h e  o t h e r  
w o rk e r s  m e n t io n e d  above on t h e  c o n d i t i o n  o f  t h a t  g l a n d  i n  
o t h e r  d i s e a s e s .  One may c o n c lu d e ,  t h e r e f o r e ,  t h a t  i n  
c e r t a i n  d i s e a s e  c o n d i t i o n s  o f  t h e  body  t h e  t h y r o i d  becom es 
em pty  o f  c o l l o i d .
I n /
50.
I n  many d i s e a s e s  t h e  r a t e  o f  m e ta b o l i s m  i s  g r e a t l y  
i n c r e a s e d .  I t  may be  t h a t  t h e  p r o d u c t i o n  o f  t h i s  i n c r e a s e  
i s  a s s o c i a t e d  w i t h  a  d e p l e t e d  c o n d i t i o n  o f  t h e  t h y r o i d ,  s i n c e ,  
a p p a r e n t l y ,  t h e  s e c r e t i o n  o f  t h a t  g l a n d  i s  c l o s e l y  r e l a t e d  
t o  t h e  r a t e  o f  m e ta b o l i s m .
I t  h a s  b e e n  p o i n t e d  o u t  t n  a  p r e v i o u s  p a r t  o f  t h i s  
p a p e r  t h a t  b o t h  i o d i n e  and  cod l i v e r  o i l  a p p e a r  t o  e x e r t  
a n  i n f l u e n c e  on t h e  t h y r o i d ,  c a u s in g  t h e  f o r m a t i o n  o f  
c o l l o i d  i n  i t s  v e s i c l e s .  Now t h e s e  s u b s t a n c e s  a r e  o f  
g r e a t  v a lu e  i n  t h e r a p e u t i c s  and t h e  p o s s i b i l i t y  a r i s e s  t h a t  
t h e y  may b r i n g  a b o u t  t h e  b e n e f i c i a l  a c t i o n ,  w h ic h  t h e y  a r e  known 
t o  p o s s e s s  on v a r i o u s  d i s e a s e s ,  b y  a s s i s t i n g  t h e  t h y r o i d  g la n d  to  
r e g a i n  i t s  n o rm a l s t a t e ,  and  p re su m a b ly  t o  r e i n f o r c e  i t s  
f u n c t i o n a l  a c t i v i t y .
L le w e l ly n  (74) h a s  s t a t e d  t h a t  t h e  a d m i n i s t r a t i o n  o f  
i o d i n e ,  o r  t h y r o i d  e x t r a c t ,  i n  c a s e s  o f  r h e u m a to id  
a r t h r i t i s  may h e l p  t h e  c o n d i t i o n  g r e a t l y ,  and  he  s u g g e s t e d  
t h a t  i t s  a c t i o n  was due t o  i t s  pow er t o  r e l i e v e  a  s t a t e  o f  
s u b th y r o id i s m  w h ich  f a v o u r e d  t h e  d e v e lo p m e n t  o f  a r t h r i t i s .
N o t t  (79) s u c c e s s f u l l y  t r e a t e d  v a r i o u s  v a r i o u s  c o n d i t i o n s  
w i t h  s m a l l  d o s e s  o f  t h y r o i d  e x t r a c t  t o g e t h e r  w i t h  l a v a g e  
o f  t h e  c o lo n  w i t h  a  s o l u t i o n  o f  p o t a s s iu m  p e r m a n g a n a te .
I  h a v e  t r i e d  t h i s  t r e a t m e n t  on  c h i l d r e n  s u f f e r i n g  f ro m  a c u t e  
r i c k e t s .  The r e c t a l  i n j e c t i o n  o f  t h e  p e rm a n g a n a te  s o l u t i o n ,  
h o w e v e r ,  p ro v e d  an  a lm o s t  i n s u p e r a b l e  d i f f i c u l t y  f o r  m ost 
d i s p e n s a r y /
51.
d i s p e n s a r y  p a t i e n t s *  I n  one c a s e ,  h o w e v e r ,  when t h e  
i n s t r u c t i o n s  w ere c a r e f u l l y  c a r r i e d  o u t ,  a  c h i l d  w h ic h  had  
h a d  a c u te  r i c k e t s  was g r e a t l y  im p ro v e d .  A f t e r  t r e a t m e n t  f o r  
a  f o r t n i g h t  th e  s w e a t in g  c e a s e d  and  t h e  c h i l d  who h a d  b e e n  
l o s i n g  w e i g h t ,  g a in e d  one pound#
T hese  f a c t s  seem t o  show t h a t  t h e  c o n d i t i o n  o f  t h e  
p a t i e n t  s u f f e r i n g  from  c e r t a i n  d i s e a s e s ,  a p a r t  f rom  d i s e a s e s  
o f  t h e  t h y r o i d  g l a n d  i t s e l f ,  i s  im p ro v ed  b y  t h e  a d m i n i s t r a t i o n  
o f  s u b s t a n c e s  w h ic h  a r e  known t o  i n f l u e n c e  t h e  t h y r o i d  i n  
t h e  f o r m a t i o n  o f  c o l l o i d .  T h is  b e a r s  o u t  t h e  v ie w  e x p r e s s e d  
above t h a t  i o d i n e  and cod l i v e r  o i l  may i n  some c a s e s  e x e r t  
t h e i r  t h e r a p e u t i c  a c t i o n  t h r o u g h  t h e  medium o f  t h e  t h y r o i d  
g l a n d .
C o n c l u s i o n s .
1 .  E x p e r im e n ta l  r i c k e t s  i n  young dogs i s  a s s o c i a t e d  w i t h
h y p e r p l a s i a  o f  t h e  t h y r o i d  g l a n d .
2 .  I t  seems p o s s i b l e  t h a t  t h e  b e n e f i c i a l  a c t i o n  o f  i o d i n e  and
cod l i v e r  o i l  i n  c e r t a i n  d i s e a s e s  may b e  e f f e c t e d  t h r o u g h  
t h e i r  i n f l u e n c e  on t h e  t h y r o i d  g l a n d .
52.
R e f e r e n c e s  t o  L i t e r a t u r e *
P art I .
(1 ) p o eo h a t» (c i t*  Meroz-Tydman*)
(2 ) Cooper. E#R#A# The H is to lo g y  o f th e  more im portant
Human Endocrine Organs a t v a r io u s  a g e s . Oxford 
Med. Pub. 1925.
(3 ; Cowdry. E.V* Art in  "E ndocrinology and M etabolism ,"  
A p pleton , New York, 1922 , 1 , 215.
(4 ) Cruickshank. J . Journ. P ath , and B a c t. 1911, x v i ,  167.
(5 ) De Q ueryain. Akute n ic h t  e itr ftg e  T h y r e o id it is ,  1904*
(c it*  H e s s e lb e r g .)
(6 ) E lk e s . Bau der S c h ild d r |a s |e  um d ie  Z e it  der Beijurt
Bauragarten. Bd.4'. 1904. ( c i t .  H e s se lb e r g ) .
(7 ) P en ser» P. Journ. B io l .  Chem. 1913 , x iv ,  597.
(8 ) P en ser . P. Journ. B io l .  Chem. 1915, xx , 895 .
(9 ) G arn ier. M. La g lan d e th yreo id p  dans l e s  m alad ies
in f e c t i e u s e s .  P a r is ,  1899. ( c i t .  H e s se lb e r g ) .
(1 0 ) H esse lb er g . 0 . P rankfurtSr Z e it s c h r . f # P ath . 1910 , v ,
322.
(11) Jackson . Q.M. Amer. Journ. A nat. 1916, x ix ,  305.
(12 ) L i v in i . P . Arch. i t a l .  dij^e d i em b rio l. 1922, x v i i i ,  522 .
(1 3 ) M arine. D* P h y s io lo g ic a l  R eview s, 1922, i i ,  521 .
(14) Maurer, ( c i t .  H e sse lb e r g .)
(15 ) Meroz-Tvdman. Rev. Med. de l a  S u is se  Romande, 1910, xxx ,
526.
(16 ) M u ller , ( c i t .  Meroz-Tydman).
(1 7 ) Peremeschko* ( c i t .  Meroz-Tydman).
(1 8 ) Perrando. ( c i t .  H e sse lb e r g ) .
(19 ) W olfer . Uber d ie  Entw icklung und den Bau der S ch ild d rù sse .
1880. ( c i t .  H e s se lb e r g ) . i
(20) z i e l in s k a . M. Virchows Arch* 1894, c x x x v i, 170.
53.

















A b el. A .R ., Backus. R.W ., Bourquln, H ., Gerard. R.W.,
Amer. Journ. o f P h y s io l .  1925, I x x i i i ,  287.
A eschbacher. S . M it t . a .d .G r e n z g e b .d .m e d .u .c h ir . 1906,
X V , 269.
B a s s in s e r . H.R. Arch. I n t .  Med. 1916, x v i i ,  260.
Bauman. E. Milnch. med. Wochenschr* 1896, x l i i i ,  309.
( c i t I  M arine, D* P h y s io l .  R eview s, 1922, i i ,
5 2 1 ) .
B e n s le v . R.R. Amer. Journ. A nat. 1916, x i x ,  57-
B ir c h e r . E. Med. K lin . 1910 , v i ,  391, 1741, ( c i t .  Cameron 
and C arm ich ael).
Cameron. A.T* and C arm ichael. J . Journ. B io l .  Chem. 1920, 
x lv ,  69 .
Cameron. A .T . and S ed z ia k . Amer. Journ. P h y s io l ,  1921,
I v i i i ,  7 .
Cannon. W.B* and C a t t e l . M. Amer. Journ. P h y s io l ,  1916, 
x l i ,  74 .
Ceirlson. C e n t b l . f .P h y s io l . ,  1911, x x iv ,  817. ( c i t .  Hammett.)
C a r re l. A. Journ. Exper. M ed., 1913, x v i i ,  14.
Chang. H. Amer. Journ. P h y s io l . ,  1926, I x x i i i ,  275.
C ou rr ier . R. Corapt. ren d , de l a  Soc. de B i o l . ,  1922,
Ix x x v i, 669.
Cowdry. E.V. Amer. Journ. A n a t., 1922, x xx , 25.
Çramer» W. Journ. P h y s io l . ,  1923, I v i i ,  P r o c .P h y s io l.S o c .
Crawford. J .H . and H a r tle y . J .R .J . Journ. Exper. Med.
1925, x l i i ,  179*
(37) D ouglas. M. Journ. P ath , and B act. 1914, x ix ,  341.
(38) Fordwce. E din . Med. Journ. 1912, i x ,  55 .
(39 ) F orsy th , D. Journ. A nat. and P h y s io l .  1908, x l i i ,  1 4 1 ,3 0 2 .
(40 ) Hammett. P .S . Amer. Journ. P h y s io l .  1924, I x ix ,  510.
54*
(41 )  H a r r i e s . D*J* B r i t .  Med. j o u r n . ,  1923 , i ,  5 5 3 .
(4 2 )  H a r t . C. P f l u g e r s  A r c h . ,  1922 , c x c v i ,  1 5 1 .
(4 3 )  H e r r i n s . P .T .  Q u a r t ,  J o u r n .  E x p e r .  P h y s i o l . ,  1 9 1 7 ,x i ,  231.
(4 4 )  H o s k in s , R .G . ,  and  A.D. A rc h .  I n t .  M e d . , 1 9 1 6 , x v i i ,  5 8 4 .
(4 5 )  J a c k s o n . C.M. Amer. J o u r n .  A n a t .  1916 , x i x ,  305.
(4 6 )  K e n d a l l . E .G . J o u r n .  Amer. Med. A s s o c n . ,  1 9 1 5 , x l i v ,  2042 .
(4 7 )  K o j lm a . M. Q u a r t .  J o u r n .  E xp. P h y s i o l ,  1 9 1 7 ,  x i ,  339 .
(4 8 )  M a r in e . D. C le v e l a n d  Med. J o u r n . , 1907 , i v ,  4 5 .  ( c i t .
V i n c e n t ,  S . " I n t e r n a l  S e c r e t i o n , "  A r n o ld ,  L ondon , 
1922 , 2 9 1 ) .
(4 9 )  M a r in e . D . , and  L e n h a r t . O.K. J o u r n .  E x p e r .  M e d .,  1914 ,
x i x ,  7 0 .
(6 0 )  M e l la n b y . E .a n d  M. J o u r n .  P h y s i o l .  1921 , I v ,  P r o p .
P h y s i o l .  S o c .  v i i .
(5 1 )  M oussu . G. Compt .  r e n d ,  de  l a  S o c .  B i o l .  1899 , x x v i i i ,
4 0 .  ( c i t .  Cameron an d  C a r m ic h a e l ) .
(5 2 )  M c C a r r i s o n . R. I n d .  J o u r n .  Med. R e s . ,  1914 , i ,  5 0 6 .
(5 3 )  M c C a r r i s o n . R. I n d .  J o u r n .  Med. R e s . ,  1 9 2 3 ,  x i ,  1 .
(5 4 )  M c C a r r i s o n . R. ( c i t .  V i n c e n t ,  %. " I n t e r n a i  S e c r e t i o n "
1 s t  e d .  A r n o ld ,  London .- 1 912 , 2 7 5 . ) ,
(5 5 )  M cCollum. E .V . ,  SImmonde. N . ,  B e c k e r . J . E .  J o u r n .  B i o l .
Chem. 1 9 2 2 ,  l i i i ,  313.
(6 6 )  Q s o k in . N .y .  R u s sk .  V r a c h . , 1 9 1 5 , x i v ,  500. ( c i t .  C raw fo rd
and H a r t l e y ) .
(6 7 )  R i b b e r t , H. V irchow s A r c h . ,  1889 , c x v i l ,  151 .
(5 8 )  S c h a f e r . E .A . "The E n d o c r in e  O rg a n s ,"  Longmans, London ,
1 ,  1924 .
(6 9 )  S c h a f e r , E .A . Q u a r t . J o u r n .  Exp. P h y s i o l . ,  1912, v ,  203.
(6 0 )  Schm id . E. A rc h .  m ik r .  a n a t . ,  1896 , x l v i i ,  181 .
(6 1 )  S im pson . 8 .  Q u a r t .  J o u r n .  Exp. P h y s i o l . ,  1913 , v i ,  119 . 
:(&2) £ s u j i , ,  K. A c t .  S c h o l .  Med. U n iv .  K i o t o ,  1 9 2 0 ,  i l l ,  f a s c . 4 .
5 5 .
(6 3 )  T s u j i , K* Act* S c h o l .  Med. U n iv .  K io to ,  1 922 , i v ,  f a e c . 4 .
(6 4 )  W a tso n . C* J o u r n .  E x p e r .  P h y s i o l . ,  1 9 09 , i i ,  385.
(65} W atso n , C. Q u a r t .  J o u r n .  P h y s i o l . ,  1 9 1 2 , v ,  229.
(6 6 )  W atso n , C* P r o c e e d .  P h y s i o l .  S oc . 19 M a r . ,  1 904 .
(67 )  W a tso n , G . , and  H u n t e r , A* J o u r n .  P h y s i o l . ,  1 9 06 , x x x iv ,
111.
(6 8 )  W i l l c o c k , E .G . and  H o p k in s . F .G . J o u r n .  P h y s i o l .  1906 ,
X X V , 8 8 .
(6 9 )  V i n c e n t , S , and  J o l l y . L.A* J o u r n .  P h y s i o l . ,  1 9 0 4 ,
x x x i i ,  6 5 .
P a r t  I I I .
(7 0 )  F a r r a n t . R. P r o c .  Roy. S o c .  M ed .,  1913 , v i .  S e c t .  o f
P a t h .  21 .
(7 1 )  F a r r a n t , R. P r o c .  Roy. S o c .  M ed .,  1914 , v i i .  S e c t .  o f
P a t h .  4 9 .
(7 2 )  K e re n c h e v e s k y , V. Med. R e s .  C o u n c i l .  S p e c .  R e p . ,  No. 7 1 .
H .M .S ta t i o n a r y  O f f i c e ,  London.
(7 3 )  L a n e , W.A. "The O p e r a t i v e  T re a tm e n t  o f  C h ro n ic  I n t e s t i n a l
S t a s i s , "  O x fo rd  P r e s s ,  L ondon , 1919 .
(74 )  L l e w e l l y n , L . J .  New Y ork M e d .J o u rn .a n d  R e c o r d . ,  1925 ,
c x x i .
(7 5 )  M c C a r r i s o n , R. I n d .  J o u r n .  Med. R e s . ,  1914 , i ,  505 .
(7 6 )  M c C a r r i s o n , R. I n d .  J o u r n .  Med. R e s . ,  1 923 , x i ,  1 .
(7 7 )  M a r in e , D . , and L e n h a r t , C.H. A r c h . I n t .M e d . , 1 9 0 9 , i v , 4 4 0 .
(7 8 )  M u rra y , I a n .  B r i t .  J o u r n .  E x p e r .  P a t h . ,  1923 , i v ,  535.
(79 )  N o t t , H.W. B r i t .  Med. J o u r n . ,  1925 , i ,  4 4 5 .
(8 0 )  P a t  o n ,  D .N o ë l ,  F i n d l a y , L . ,  and  W atso n , A . ,  B r i t .  Med.
J o u r n . ,  1 9 1 8 , i i ,  625 .
(8 1 )  P a t  o n , D .Noftl, and  W a tso n , A. B r i t .  J o u r n .  E x p e r .  P a t h .
1 9 21 , i i ,  7 5 .
(8 2 )  P a t  on , D. No&l, and  W atson , A. B r i t .  J o u r n .  E x p e r .  P a t h .
1923 , i v .  177 .
56.
(8 3 )  S im p so n , J .W . S co t*  Med. and  S u r g .  J o u r n . ,  1 9 0 6 , x i x ,  504«
(8 4 )  S o r o u r , M .F . B e i t r . z . p a t h . A n a t . u . z . a l l g . P a t h . , 1923 ,
I x x i ,  4 6 7 .
(8 5 )  V a l e n t i n , F .  V irch o w s A rc h .  1908 , c x c i ,  4 2 .
(8 6 )  W h i te . W .H ale .  M e d . - C h i r .T r .  1 888 , I x x i ,  1 8 1 .  ( c i t .
C raw fo rd  an d  H a r t l e y . )
Reproduced with permission of copyright owner. Further reproduction prohibited without permission.
